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De-àĥ , Gradühté School
UMI Number; EP37897
All rights reserved
INFORMATION TO ALL USERS 
The quality of this reproduction is dependent upon the quality of the copy submitted.
In the unlikely event that the author did not send a complete manuscript 
and there are missing pages, these will be noted. Also, if material had to be removed,
a note will indicate the deletion.
UMT
OisMTtation Publishing
UMI EP37897
Published by ProQuest LLC (2013). Copyright in the Dissertation held by the Author.
Microform Edition ©  ProQuest LLC.
All rights reserved. This work is protected against 
unauthorized copying under Title 17, United States Code
ProQuest'
ProQuest LLC.
789 East Eisenhower Parkway 
P.O. Box 1346 
Ann Arbor, Ml 48106 - 1346
ACKNOWLEDGEMENTS
The writer wishes to extend thanks to several members 
of the faculty and students of the Department of Geology, 
University of Montana, who discussed and reviewed this 
material and offered helpful suggestions. The loan of the 
lithologie oil well logs from Mr. John D, Shafer of the 
American Stratigraphie Company, Casper, Wyoming, is greatly 
appreciated. Special thanks are also due to the members 
of the thesis committee, Drs. Gary W. Crosby, R. L. 
Konizeski, and James A. Peterson as well as to I. L, Turner 
of Vanguard Exploration Company for their suggestions and 
critical review of the manuscript. Foremost thanks goes 
to Dr. Peterson, thesis advisor, for his enlightening class 
discussions, aid in the field, financial support through 
his N.S.F. Grant GA-986, and for his great patience.
1 1
TABLE OF CONTENTS
Page
ACKNOWLEDGEMENTS i i
INTRODUCTION.  ............................................  1
Methods of Study .....................................  1
Previous Work.......................................... 6
REG lONAL GEOLOGY............................................  7
Regional Geologic History.............................  7
Permian Stratigraphy and Nomenclature...............  9
CARBONATE STRATIGRAPHY....................................... 12
Unit I ...................................................12
Interval A .......................................... 12
Lithof acies................................... 13
Interpretation ............................ 15
Unit II...................................................18
Interval B .......................................... 18
Lithof acies................................... 19
Interpretation ............................ 20
Interval C .......................................... 22
Lithofacies................................... 23
Interpretation ............................ 23
1 1 1
IV
Interval D .......................................... 24
Lithofacies................................... 25
Interpretation ............................ 26
Interval E .......................................... 27
Lithofacies................................... 28
Interpretation ............................ 28
Unit I I I ................................................. 30
Interval F .......................................... 31
Lithofacies................................... 31
Interpretation ............................ 34
Interval G .......................................... 37
Lithofacies................................... 37
Interpretation ............................ 4 3
P ALEOENVIRONMENT............................................... 45
ALTERATION................................................... 5 0
Dolomitization .......................................  50
Silicification .......................................  53
Phosphatization.......................................... 55
SUMMARY OF CONCLUSIONS..................................... 5 8
SELECTED REFERENCES .......................................  60
APPENDIX A (List of Control Points) ..................... 66
APPENDIX B (Description of Measured Sections) .........  69
LIST OF ILLUSTRATIONS
Page
Table I Dual carbonate rock classification............ 4
Figure
1. Index map............................................ 2
2. Stratigraphie terminology used in this report. . 11
3. Sponge spicule "pod" .............................. 3 3
4. Ervay grainstone: biosparite ....................  39
5. Cross-section of echinoid spine..................... 39
6. Ervay grainstone: phylloid algae biodolomite . . 42
7. Bryozoan encrusting echinoid fragment.............. 42
Plate.................................................. in pocket
I. Permian isopach
II. Interval A, Grandeur isopach-lithofacies 
III. Interval B, Meade Peak, isopach-lithofacies 
IV. Interval C, Minnekahta isopach-lithofacies 
V. Interval D, Glendo-Franson isopach-lithofacies 
VI. Interval E, Forelle isopach-lithofacies 
VII. Interval F , Retort isopach-lithofacies 
VIII. Interval G , Ervay isopach-lithofacies 
IX. Interval C-D-E, isopach
X. Cross-section A-A*
XI. Cross-sections B - B ' and C - C
XII. Cross-sections D-D', E-E' and F - F '
V
INTRODUCTION
The main objective of this study is to describe and 
interpret the petrology and stratigraphy of the Permian 
carbonate facies of the western half of the Wind River 
basin, Wyoming (Figs. 1 and 2). This investigation is 
part of a much larger Permian study supervised by Dr. 
James A. Peterson.
Methods of Study
Eighteen surface sections were measured, sampled and 
described along the northeastern flank of the Wind River 
Mountains and the Conant Creek anticline. In the lab the 
samples were described with the aid of a binocular micro­
scope and these descriptions were augmented by a pétro­
graphie study of 62 5 thin sections. Features noted were :
a. texture - grain size and relationship of grain 
matrix.
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FIG I - Distribution of major Permian lithofacies and locotion of study area (after Keefer and Van Lieu, 1966)
b. composition - mineralogy and allochem^ content, 
including fossil identification.
c . alteration - silicification, phosphatization, etc.
d. sedimentary structures
e. porosity
f. oil staining
A dual rockr-type classification was utilized with the 
specimen’s name designation including both texture and 
composition. Dunham's (1962) carbonate classification was 
used for the textural portion of the name, and Folk's (1962) 
basic classification terms compose the compositional part 
(Table I). To these textural and compositional terms were 
added as many modifiers as were needed to adequately 
describe each rock. Dunham's 20-micron boundary was used 
to differentiate grains from mud. The following provides 
two examples of the style of this descriptive classification
a. grainstone; sandy fragmented phosphatized 
bryozoan biosparite.
b. mudstone: laminated pelletiferous micrite.
An allochem is an "organized carbonate aggregate" of 
which the bulk of many limestones is composed; it includes 
intraclasts, oolites, fossils, and pellets. Intraclasts 
are "... fragments of penecontemporaneous, generally 
weakly consolidated carbonate sediment that have been 
eroded from adjoining parts of the sea bottom and rede­
posited to form a new sediment" (Folk, 1962).
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Note that the terms of the classification apply to 
carbonate rocks; the term mudstone refers to the texture 
of the carbonate and makes no reference to argillaceous 
composition.
Thirty-one shale samples were disaggregated, seived 
and examined under a binocular microscope for organic 
remains and other features.
Surface sections were correlated with the subsurface 
by use of fourteen lithologie oil well logs loaned by the 
American Stratigraphie Company and seventy purchased 
mechanical logs. Radioactive logs were used where possible 
because in most cases they provided the best marker 
horizons and could be used to some degree for lithologie 
interpretation. However, electric logs were used where 
coverage was not available from radioactive logs.
Seven traceable "Intervals," designated by capital 
letters "A" through "G", were picked on the logs. With 
the aid of lithologie determination from surface sections, 
the seven Intervals were divided into three "Units," each 
of which contains one of the carbonate members of the 
Phosphoria Formation (Fig. 2). The intervals represent 
lithostratigraphic units and, as such, correlations do not 
imply time equivalence.
The surface sections were correlated with the sub­
surface sections along section B-B' (Plate I). From 
this region the correlations were extended in the sub­
surface eastward to the Conant Greek anticline (location 
61) and northward to the Owl Creek Mountains, where a 
similar study was recently completed by Cole (1970).
Previous Work
The first detailed work on the Permian of the Wind 
River basin was begun in the early part of this century 
as part of a study of the western phosphate field by the 
U.S. Geological Survey (Blackwelder, 1910; Condit, 1924). 
The current program of study of this area, kindled by 
the Geological Survey, was begun during the late forties 
and now includes papers by Keefer (1957; 1965; 1970),
MeKeIvey and others (1959), Sheldon (1957; 1959; 1964a; 
1964b; 1967a; 1967b), Yochelson (1963; 1968), McKee and 
others (196 7a; 196 7b) , and King (194 7), to name a few. 
These papers cover a range of topics from paleontology, 
paleoecology, and stratigraphy to geochemistry and 
structure. Keefer's (1965) article is a good general 
summary of the stratigraphy and major structural events of 
the Wind River basin. The Geological Survey's work by 
McKelvey and Sheldon were used extensively as background 
for the present study.
REGIONAL GEOLOGY 
Regional Geologic History
During Permian time Wyoming was the site of a broad 
stable shelf which lay to the east of the Cordilleran 
trough. The Phosphoria Formation was deposited on the 
shelf and in the trough area during a series of trans­
gressions and regressions of the Permian sea (Sheldon,
1963; Keefer, 1965).
The Wind River basin is located in the central part of 
the Wyoming shelf (Fig. 1). At the onset of Permian time 
the area of the basin was part of a broad north-trending 
highland. Seas on the east and the west of this highland 
began to encroach until the entire region was flooded by 
Late Permian time (Keefer, 1965). Paleontological deter­
mination of the age of the Phosphoria is somewhat hampered 
by the lack of fusulinids and the scarcity of ammonites 
within the formation. Relying mainly on brachiopods,
Dunbar (1960) and Sheldon and others (1967a) assign a 
Leonard age to the lowermost carbonate, the Grandeur, and
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Guadalupe age to the upper carbonates, the Franson and the 
Ervay. Using trilobites and associated pelecypods, 
Chamberlain (19 70) determined that the Franson was lower­
most Guadalupe.
Thickness irregularities of some of the oldest Permian 
units in the basin (Plates II and IX) are probably due in 
part to the relief of the erosional surface on the 
Pennsylvanian Tensleep Sandstone. The isopach pattern 
shows little or no relation to Laramide structural trends 
which shaped the present-day basin. Uplifting started in 
the northern parts of the basin during late Cretaceous.
The remainder and majority of the mountain building which 
delineates the structural basin began during early Paleocene 
and was completed by the close of the early Eocene (Keefer, 
1965).
The Triassic Dinwoody Formation overlies the Phosphoria 
Formation. Physical evidence for an unconformity at this 
boundary is slight, and the issue is not clarified at all 
by the fact that the exact age of the uppermost rocks of 
the Phosphoria is uncertain. Part of the uncertainty is 
based on conflicting interpretation of the paleontological 
evidence (Sheldon and others, 1967a). Uppermost Permian 
rocks contain Spiriferina pulchra fauna which are assigned 
a Word age (Early Permian) by Yochelson (1968) while other
paleontologists (Dunbar and others, 1960) classify it as 
Capitan age (Late Permian). Depending on which age is 
correct, there was either an interval of erosion or non­
deposition or, on the other hand, there was continuous 
deposition from the Permian into the Triassic. However, 
the overlying Dinwoody Formation has not yet yielded 
faunal evidence for earliest Triassic (Sheldon and others, 
1967a).
Permian Stratigraphy and Nomenclature
The Permian stratigraphy in Wyoming is characterized 
by an intertonguing relationship between four main litho­
logie groups or facies; the intertonguing of lithologies 
represents shifting transgressive and regressive environ­
ments across the Wyoming shelf (Fig. 1). The U.S. 
Geological Survey has assigned each of these four facies 
to formational status (McKelvey and others, 19 59; Sheldon, 
1963). In eastern Wyoming the redbeds and evaporites are 
designated as the Goose Egg Formation which intertongues 
to the west with the carbonate facies of the Park City 
Formation. The upper part of the Goose Egg Formation 
includes beds equivalent in age to the Early Triassic 
Dinwoody Formation (Sheldon, 1963). Still farther to the 
west the carbonates of the Park City Formation pass into
10
the dark-shale, phosphorite and chert facies of the 
Phosphoria Formation in western Wyoming and Idaho while 
in the Yellowstone Park region the Shedhorn Sandstone is 
the dominant facies. This system of terminology (McKelvey 
and others, 1959) seems justified, but it has not been 
widely adopted, especially by subsurface workers.
In this report all Permian rocks are assigned to the 
Phosphoria Formation. The individual facies of the units 
are considered to be members or tongues as illustrated in 
Figure 2.
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CARBONATE STRATIGRAPHY
Unit I
Interval A
The sole constituent of Unit I is Interval A, the 
Grandeur Carbonate Member and its equivalent, the lower 
Opeche Shale. This Unit varies in thickness from 15 to 
75 feet. In the study area the carbonate facies is 
present at all surface sections except at the poorly 
exposed Conant Creek section (location 61) where this 
Unit may be represented by a weathered exposure of a 
shoreward equivalent shale facies. In the Big Horn basin. 
Cole (19 70) reports that the Grandeur intertongues to the 
northeast with the lower Opeche Shale. The subsurface 
sections in the present study area appear to be composed 
dominantly of the carbonate facies.
In the surface exposures in the Wind River Mountains 
Interval A consists mainly of dolomite beds of the Grandeur, 
but also present are intertonguing beds of lower Shedhorn
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Sandstone and tongues of the nameless lower chert. In the 
subsurface this interval is usually characterized by a 
nonradioactive deflection on the gamma ray log and a 
deflection to the left on the SP curve which is accompanied 
by a fairly poor porosity as depicted on the neutron and 
resistivity curves (see Plates XI and XII).
In the study area the Grandeur unconformably overlies 
the Pennsylvanian Tensleep Sandstone. The sharp and 
irregular erosional contact is generally well defined in 
outcrop where locally it ranges from a few inches to a few 
feet in relief. In the subsurface this contact is somewhat 
more difficult to pick. On the electric log the base of 
the Grandeur is usually represented by a general upward 
shift to the right of both the SP and resistivity curves 
(location 51, D-D', Plate XII). The radioactive log depicts 
the upward change by a general shift to the right of the 
neutron curve (e .g ., location 28, B-B', Plate XI); however, 
in some instances the base is represented by a sharp 
deflection to the center of the log by both curves (e.g., 
location 26, F-F', Plate XII).
Lithofacies
Erosional depressions on top of the Tensleep Sandstone 
generally contain several beds of fine-grained quartz
14
arenite over much, of the study area; these beds are usually 
dolomitic and are easily distinguished from the Tensleep 
largely by the erosional surface which separates the two 
units. The infilling quartz arenite is often laminated, 
burrowed and in places appears to be stromatolitic.
Intertonguing with the sands are several beds of the 
lower chert ranging from one to seven feet thick. The 
chert is mostly altered, somewhat brecciated and recemented, 
but that which has not been altered is composed of siliceous 
sponge spicules.
The dolomite beds of the Grandeur directly overlie 
the erosional highs on the Tensleep surface and intertongue 
with the Shedhorn and lower chert in the erosional depres­
sions. Most of the Grandeur sediments are characterized 
by a moderate to abundant amount of quartz silt and fine 
sand. Some of the dolomite is finely laminated, perhaps 
stromatolitic in part, and burrowed. At the Dinwoody 
Lakes section (location 6) amber fish fragments were present, 
but overall the unit is an otherwise unfossiliferous fine- 
to medium-crystalline dolomite.
The upper part of Interval A is represented by a porous 
dolomite which is silty and locally pelletai at the base 
but decreases in silt content up through the section. This 
dolomite varies texturally from a crystalline rock to a
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wackestone to a grainstone with no apparent pattern in 
the distribution of these textures. Some dolomite beds 
contain abundant siliceous geodes, some of which are oil- 
stained and filled with tar. Allochems are locally present 
as pellets, intraclasts, and fossils with the bioclastic 
beds being composed of fragmented brachiopods, ramose 
bryozoans, echinoderms, crinoids, Plagioglypta and amber 
fish fragments.
Interpretation
The Grandeur and its equivalent lithologies are the 
deposits of the initial Permian transgression in the Wind 
River basin area. Erosional relief on the Tensleep surface 
was on the order of a few tens of feet and was probably a 
very subtle feature on the gently sloping shelf, but this 
erosional topography on the Tensleep Sandstone was an 
important factor during the deposition of Unit I. Erosional 
low areas were infilled with fine-grained quartz sand 
(Plate X ) , which waô initially derived from erosional high 
areas. The pulsating transgressive sea at times inundated 
these islands, thus retarding clastic sedimentation and 
allowing deposition of thin chert layers (probably sili­
ceous sponges) which are interbedded with the sands.
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There are currently three theories which are considered 
as most likely mechanisms for dolomite formation. The 
"seepage reflux" theory of Adams and Rhodes (1960) operates 
by concentration of a high magnesium brine by evaporation 
of normal marine water which is trapped behind a barrier 
composed of organic calcium carbonate material. As calcium 
sulfate evaporates precipitate, a high-density, Mg-rich 
brine is formed which dolomitizes the barrier as it 
migrates downslope through the porous carbonate structure.
Restricted circulation is also required for "pene­
contemporaneous" dolomitization. With this method the 
Mg/Ca ratio is increased by precipitation of aragonite 
and gypsum. The aragonite is then dolomitized as it sinks 
down through the dense Mg-rich brine (Friedman and Sanders, 
1967).
The third method of dolomite formation is by subaerial 
contact of limestone sediments with Mg-rich brines 
concentrated evaporation and capillary action of inter^ 
stitial marine water in a supratidal environment (Butler, 
1969) .
It would seem likely that the Grandeur carbonates 
which occur on the erosional highs represent bioclastic 
buildups dolomitized by refluxion or perhaps pellet or 
oolite banks dolomitized penecontemporaneously in shoaling
17
waters. Although there is relatively little in the way 
of discernible organic remains in the dolomites, these 
features could have been destroyed during dolomitization. 
The dolomite is porous and in places is oil-stained.
At Dunoir River (location 2) west of the carbonate buildup 
most of Interval A is reportedly made up of a thick 
section of chert (Sheldon, 1963), which could represent 
siliceous sponge colonies living in slightly deeper water 
seaward of the carbonate buildup.
The seas finally inundated the area for a long enough 
period of time to accumulate a widespread carbonate layer. 
The area was still receiving some quartz sand which was 
incorporated with the carbonates, but the sand sources were 
nearly eliminated or at least subdued by the end of the 
sedimentation of Interval A.
To the north in the Big Horn basin Cole (19 70) reports 
the presence of a carbonate pellet facies in this interval. 
It is probable that this facies extends into the Wind River 
basin and contributes some of the pellets to the bioclastic 
facies exposed in the Wind River Mountains. The pellets 
suggest a calm environment which was perhaps afforded by 
the carbonate buildups which acted as barriers. There 
were, also, times of greater agitation when the intraclasts 
were formed and transported. The postulated barriers
18
could also have restricted circulation at times. This 
would have set up evaporite basins which could have 
encouraged penecontemporaneous replacement of the carbonate 
sediments within the restricted area and dolomitization 
of the buildups by refluxion.
Unit II
Unit II is comprised of four Intervals designated by 
capital letters "B" through "E" (Fig. 2). Interval B is 
the Meade Peak Phosphatic Shale Member and in the study 
area also includes the overlying Rex Chert Member. Over- 
lying Interval B is the Franson carbonate and its equiva­
lent shale facies to the east. Tongues of the Franson 
are the Minnekahta (Interval C) and Forelle (Interval E) 
which are separated by the Glendo Shale (Interval D). in 
the west where the shale is absent, the Franson is 
designated as Interval C-D-E undifferentiated.
Interval B
Interval B consists of the Meade Peak Phosphatic 
Shale Member and the Rex Chert Member which overlies the 
Meade Peak in the northwestern sector of the study area.
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Interval B is recognized in the subsurface by a 
series of sharp radioactive deflections to the right on 
the gamma ray curve (e.g., location 28, B-B', Plate XI).
The radioactive kicks represent the phosphatic rocks and 
the negative part of the curve corresponds to the thin 
dolomites and in some cases less radioactive sands.
Lithofacies
The Meade Peak in the study area is generally a sandy, 
pebbly, pelletai, bioclastic phosphate rock and contains 
quartz which ranges from silt to medium sand size. Organic 
remains consist mostly of phosphatic orbiculoid brachiopod 
shells with few fish bones and teeth and minor phosphatized 
echinoid fragments. A great deal of the phosphate rock is 
pelletai, with most of the remainder being locally intra­
clastic or "pebbly." A thin-bedded phosphatic dolomite 
intertongues with the phosphate rock and contains phosphat­
ized echinoid fragments.
A tongue of the Rex Chert overlies the Meade Peak in 
the northwest. From a thickness of seventeen feet at the 
Dunoir River section (location 2) it decreases toward the 
east and grades into carbonate between Bull Lake and South 
Fork of the Little Wind River sections (locations 8 and 10)
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It is not reported in the subsurface except at one point 
(location 32) in the middle of the Sheldon Dome area, 
although only limited lithologie control is available.
The chert is commonly nodular or massive and inter­
bedded with gray to green shale. Sheldon (196 3) reports 
that sponge spicules are observed in some samples although 
they were not observed in 79 percent of the collected 
specimens, based on megascopic observations. An extensive 
study of the cherts was not made by the writer, but it was 
noted that spicules which were seen in polished slabs and 
in thin sections often could not be seen megascopically. 
Also, evidence of the presence of spicules could have been 
erased in some cases by diagenesis. For these reasons, 
spicules may be more common in these rocks than originally 
thought.
Interpretation
There is much evidence to support the formation of 
phosphate deposits in association with nutrient-rich cold 
upwellings onto continental shelves (Sheldon, 1964a, 1964b; 
MeKeIvey, 1967). Sheldon (1963) has interpreted the 
phosphatic shales as the deepest water facies of the 
Phosphoria. However, within the area of this study the
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Meade Peak’s sandy, pelletai, intraclastic and bioclastic 
nature would seem to indicate a fairly shallow water 
environment. Although it is not readily evident in the 
study area, an unconformity on top of the Grandeur is 
postulated in the Wind River Mountains by King (194 7) and 
is described in the Owl Creek Mountains by McCue (195 3) 
and Cole (1970). With this in mind the evidence seems 
to support Peterson's (196 8) interpretation that the 
phosphatic shales represent regressive or early transgres- 
sive stages in the Permian cycles. In a similar study of 
a Precambrian phosphate deposit in India, Banerjee (1971) 
suggested that the phosphorites were deposited in a high- 
energy shallow water environment due to the association 
with stromatolitic algae and intraformational conglomerate 
and breccia. This lithologie association appears to be 
part of a transgressive sequence of quartzite grading up­
ward to phosphorite which is overlain by an impure dolomite 
In the Big Horn basin the Meade Peak is thought to be 
equivalent to and grade laterally into the upper Opeche 
Shale. In the study area this Interval is not resistant 
to weathering, especially in the eastern part of the area 
where this lithologie change is likely to occur. Lack of 
outcrop in this region of the section may be due at least 
in part to this change in lithology.
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Cold upwelling currents are rich in many substances 
which accumulate in deep waters. A high silica content is 
due to solution of the tests of siliceous pelagic organisms, 
which have accumulated at depth. Thus, the Rex Chert is 
also possibly related to cold upwellings. The shift from 
phosphate deposition to chert accumulation is probably 
related to an increase in water depth which provided a 
lower energy environment and decreased turbidity.
Interval C
Overlying the Rex Chert is a thin tongue of Shedhorn 
Sandstone which thins eastward and pinches out in approxi­
mately the same area as the underlying chert (Plate X ) .
The carbonate of Interval C overlies the Shedhorn tongue 
where it is present in the west, and in the remainder of 
the study area it overlies the Meade Peak. This carbonate, 
the Minnekahta Limestone, is a lower tongue of the Franson 
Member and tongues eastward of this study area where it 
marks the boundary between the Opeche Shale and the over- 
lying Glendo Shale. In the subsurface Interval C is 
identified on the gamma ray curve by a negative (to the 
left) deflection between a radioactive phosphorite and a 
radioactive shale (e.g., location 41, B-B', Plate XI).
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The Interval thins eastward but it is still 15 to 20 feet 
thick in the easternmost part of the study area.
Lithofacies
The Minnekahta is mostly a crystalline dolomite. In 
the east it becomes algal and pelletai and also contains 
quartz silt and fine sand along with pelecypods and brach- 
iopods. To the west the dolomite appears to be mostly 
intraclastic; however, much of it is fairly porous and 
recrystallized so that no structure may be seen. The 
westernmost exposure of this Interval, at Little Red 
Creek (location 5), is still a sandy, somewhat intraclastic, 
crystalline dolomite.
Interpretation
The Minnekahta was deposited by a major eastward trans­
gression. Thinning toward the east, the sandy, pelletai 
nature and the phylloid algal accumulation indicate near­
shore quiet water conditions. The westward appearance of 
intraclasts and fragmented fossils indicate this area was 
within or near the zone of wave action, if only periodi­
cally, perhaps during storms or during slightly lower 
stands of sea level.
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Interval D
Interval D is the Glendo Shale and its intertonguing 
western equivalent, the middle part of the Franson carbon­
ate. In the study area the Glendo lies between the lower 
(Minnekahta) and upper(Forelle) tongues of the Franson 
carbonate facies. The lateral change from shale to carbon­
ate occurs in the central region of the study area.
Interval D shows as a series of several positive and 
negative deflections on the gamma ray curve (e.g., location 
41, B-B*, Plate XI). The positive deflections represent 
the shale intertongues, and the negative deflections or 
nonradioactive tongues are carbonates and in some cases 
bedded gypsum.
The shale is a gray to light green non-resistant unit 
which exists as minor tongues a few inches thick in the
west ranging to a maximum total thickness of 126 feet in the
eastern part of the region.
The Franson is a thin-bedded to massive unit which is 
fairly resistant to weathering in the present-day arid 
climate of Wyoming. The carbonate thins over the area of 
the Tensleep erosional high, which was still making its 
presence felt during Franson deposition.
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Lithofacies
The only fossils seen in this shale unit were at the 
Little Red Creek section (location 5) which is one of the 
westernmost exposures of these tongues in the study area. 
Here the shale contains echinoid spines, brachiopod shells 
and spines, fish scales (?) and teeth, gastropods, crinoid 
ossicles, ramose bryozoans and hollow sponge spicules.
The gastropods and pelecypods that are seen in these shales 
as well as in the shales of the Tosi and Retort are very 
small and possibly represent a dwarf fauna. However, as 
has already been implied, organic remains are not common 
in the Glendo Shale.
Equivalent beds examined to the east of Little Red 
Creek contained nothing but sparsely disseminated gypsum 
flakes and pyrite cubes; no bedded evaporites were observed 
in the surface sections. The isopach of Interval D (Plate 
V) shows two areas of thickening in the south and one which 
appears to be trending off to the north toward the Owl 
Creek Mountains. These could at least partially be due to 
small restricted basins where thicker shales and evaporites 
accumulated. Lithologie logs verify the presence of gypsum 
beds in the two southern areas (locations 50, 58, and 60).
The main body of the Interval D portion of the Franson 
is composed mostly of bioclastic debris of fenestrate and
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ramose bryozoans, brachiopods, echinoids, crinoids, fish 
fragments and gastropods with occasional pellets, intra­
clasts and algae. The upper half of the Franson marks 
the first common appearance of the fenestrate bryozoans 
in the Phosphoria of this region. A minor lower tongue, 
which extends into the shale, is a silty, intraclastic, 
laminated dolomite, which contains phylloid algae fragments 
A minor upper carbonate tongue is a laminated dolomite 
which contains a few scattered siliceous sponge spicule 
"pods”. To the west just above the shale the lower part 
of this tongue is a silty, pelletai, laminated dolomite. 
This grades farther to the west into a phylloid algae 
biosparite which also contains scattered echinoid frag­
ments and large pelecypods with thick recrystallized 
shells. The upper part of this tongue is represented by 
a bryozoan, brachiopod, echinoid bioclastic facies.
Interpretation
The Glendo Shale tongues probably represent minor 
regressions during the major Franson transgression. The 
maximum of these minor regressions occurred near the 
middle of the Interval. In the study area the Glendo is 
a shallow nearshore marine shale deposited under quiet
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and somewhat restricted conditions. The unfossiliferous 
shales indicate that the clastic sedimentation was 
unfavorable for organic productivity as well as for 
carbonate deposition. From the study area the gray to 
green shale grades eastward and northward into red shales 
which are thought to represent tidal flat deposition 
(Cole, 1970).
Some organic remains are found at the westernmost 
edge of these shales where conditions were returning to a 
more open marine environment represented by the main 
body of bioclastic carbonates. The minor eastward thinning 
carbonate tongues represent shoaling environments from 
the high energy area of the biosparite eastward to the 
quiet waters which deposited the sandy laminated carbonates.
Interval E
Interval E, the Forelle Limestone tongue, is the upper 
part of the Franson. Member which tongues to the east. To 
the east beyond the study area the Forelle separates the 
underlying Glendo Shale from the overlying Freezeout Shale. 
Within the study area the Retort Phosphatic Shale Member 
overlies the Forelle. In the subsurface the Forelle is a 
nonradioactive deflection (to the left) on the gamma ray 
curve (e.g., location 41, B-B*, Plate XI).
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Lithofacies
In the east the lower part of the Forelle is a 
pellet-algae dolomite with lesser amounts of brachiopods 
and echinoids being present. The majority of the re­
mainder of Interval E is a bioclastic limestone composed 
of fenestrate and ramose bryozoans, brachiopods, pentagonal 
and circular crinoid ossicles, gastropods, echinoids, 
pellets and quartz silt and fine sand (Plate X) . Burrows 
are very evident in thin section in some of these beds.
Finally, the uppermost Forelle is composed of a 
sandy productid biosparite with very minor amounts of 
other fossils mentioned immediately above. Over the high 
area in the west these uppermost productid beds seem to 
be equivalent to a tongue of upper Shedhorn Sandstone.
West of this at Dunoir River is a sandy intrasparite with 
interbedded phosphate beds.
Interpretation
The carbonates of Interval E represent the maximum 
transgression of Unit II as nearly all of the tongue is 
composed of fragmented fossil debris which is indicative 
of a well circulated and high energy environment or the
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proximity of such a region. The limestone composition of 
the Forelle also lends substantiating evidence to this 
proposition. In the easternmost parts of the surface 
sections pellets, oolites and algae are possibly indicative 
of the banks which may have acted as barriers helping at 
times to restrict circulation to the east.
Dolomite predominates the Minnekahta tongue and at 
least the lower portion, if not all of the other tongues, 
except the Forelle, which is mostly limestone. Scattered 
parts of the main body of the Franson are dolomitized; 
the random occurrence of the dolomite suggests the possi­
bility of either secondary dolomitization or shifts in 
refluxion patterns due to westward migration of the 
shoaling areas during minor regressions.
By the end of the deposition of Interval E the subtly 
low areas, which had resulted from erosion of the Tensleep, 
were fairly well filled resulting in a very gently sloping, 
practically flat depositional surface. The effect of the 
erosional high was perhaps still present to some extent, 
however, as a tongue of the Shedhorn was brought into the 
area of the high at this time and later during the deposi­
tion of the Retort, but it did not seem to appreciably 
affect the upper Phosphoria members, the Tosi and the 
Ervay.
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On such a broad, gently sloping shelf as was present 
in the study area during Permian time, only very minor 
fluctuations in the sea level would be required to cause 
transgressive or regressive shifts of lithologies over 
very large areas. These changes could have been brought 
about by small epeirogenic movements or eustatic sea- 
level changes (Sheldon and others, 1967b). Epeirogenic 
movements of the shelf are by no means ruled out, but 
continental glaciation in the southern hemisphere during 
this time has been fairly well documented (Crowell and 
Frakes, 1971), and this would have had some effect on 
world-wide sea levels. However, tectonic uplifts were 
occurring in several other Rocky Mountain basins to the 
south during the Permian (McKee and others, 19 6 7a).
Perhaps the depositional cycles in the Wind River basin 
area were produced by a combination of epeirogenic uplifts 
and glacially controlled eustatic sea-level changes.
Unit III
Unit III is divided into Intervals F and G, each of 
which will be discus-sed separately.
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Interval F
Interval F, the Retort Phosphatic Shale Member, over­
lies the upper Franson or the Forelle tongue throughout 
most of the area. In part of the western area it overlies 
the tongue of the Shedhorn which was mentioned in the 
previous Unit.
Lithofacies
The lower part of the Retort contains abundant quartz 
silt and fine sand as well as phosphatic pellets and intra­
clasts. Many clasts contain scattered hollow sponge 
spicules. This lower part is locally fossiliferous with 
phosphatized fragments of echinoids, crinoids and bryo­
zoans being present as well as phosphatic brachiopod 
shells (Fig. 5).
Upwards the Retort grades into a nonresistant phos­
phatic mudstone. The phosphate occurs as silt and clay 
size particles as well as pellets. These beds are argil­
laceous, relatively unfossiliferous and contain very little 
silt or sand size quartz. There are also a few thin 
argillaceous dolomite beds which occur within this sequence
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The Retort passes upward into the Tosi Chert. In the 
subsurface the base of Interval F is represented by a 
sharp radioactive deflection (to the right) on the gamma
ray curve (e.g., location 41, B-B', Plate XI). In the
southern part of the study area the Tosi Chert is correlated 
with the lower part of Interval G, which is generally a 
nonradioactive carbonate deflection. However, surface 
control is lacking through the central part of the basin; 
and where the corresponding intervals are correlated with 
the Red Creek section (e.g., location 81, E-E', Plate XII) 
in the Owl Creek Mountains (MeCue, 1953), the chert seems 
to have migrated stratigraphically downward to the upper
part of Interval F.
The Tosi Chert is gray to dark green and occurs as 
vertical concretions, nodules and bedded chert, all of 
which are interbedded with gray to green shale. The chert 
was not studied or examined in great detail, but sponge 
spicules were noted to be present at five localities (Fig.
3). Some of the chert was observed to be silicified bio­
clastic carbonate consisting chiefly of bryozoans, brachio­
pods and crinoid ossicles. Still other cherts appeared 
to be relatively structureless.
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1 mm
Fig. 3.-Tosi Member (JF) - Sponge spicule "pod."
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Interpretation
The isopach of Interval F (Plate VII) shows an in­
crease in thickness from south to north. According to 
Cole (19 70) the Retort is continuous with a lower tongue 
of the Freezeout Shale. The Freezeout is not exposed in 
any surface section within the study area, but the general 
thickening of the Interval to the east could correlate 
with this facies change.
The Retort of the study area is similar to the Meade 
Peak except that the Retort contains a greater variety and 
abundance of fossils and in addition it contains argil­
laceous beds. P. J. Cook (1969) has described the Meade 
Peak in Idaho and Wyoming west of the Wind River basin. 
According to Cook the average clay mineral composition for 
this area is 70 percent illite, 20 percent kaolinite and 
10 percent montmorillonite. He plotted varying clay 
mineral composition against increasing phosphate composi­
tion and found that there was "... no significant change in 
the mineralogy with an increasing portion of phosphate 
pellets." He also reports that montmorillonite increases 
to the west which suggests that a postulated volcanic 
source lay in this direction. However, it is pointed out 
that the lack of phosphate-montmorilIonite correlation 
tends to discount volcanic sources for the phosphate.
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Oceanic concentration of soluble phosphate is greatest 
in the deep cold waters. The region where these waters 
are brought to the surface as cold upwellings are the most 
likely places for phosphate deposition. The paleolatitude 
and offshore winds of Wyoming proposed by Sheldon (196 4) 
and in McKee and others (196 7b) make this region an 
excellent location for this type of deposit. The off­
shore winds aided by the coriolis force deflected the 
surface waters southwestward along the eastern edge of 
the ocean basin. The seaward moving nearshore surface 
waters were then replaced by phosphorus-rich cold up­
wellings. The thickest phosphorites of the Phosphoria 
Formation have accumulated in Idaho in the miogeosyncline 
just beyond the hingeline where the cold upwelling would 
have been moving up onto the shelf.
As cold water rises from the ocean's depths, it tends 
to lose dissolved CO 2 due to decrease in pressure and 
extraction by plants for use in photosynthesis. Decreased 
CO 2 content causes an increase in pH which would bring about 
stable conditions for the deposition of phosphate. Gul- 
brandsen (19 70) found by x-ray analysis that the CO 2 content 
of the apatite of the Phosphoria increases from west to 
east and suggests that it is qualitatively proportional to 
the temperature with the Phosphoria sea warming to the east.
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There are many factors which affect carbonate and 
phosphate deposition and there is a fine line between 
separate conditions which bring about their precipitation. 
These conditions are not yet well understood, but generally 
speaking, phosphate will precipitate at slightly lower pH 
and Eh than will carbonate. Under ideal conditions for 
phosphate deposition any increase in pH or Eh would be 
more conducive to carbonate deposition (Krumbein and 
Garrels, 1952). Such minor fluctuations could have pro­
duced the few thin carbonate interbeds in the phosphate 
beds of the Phosphoria.
The Retort with its fairly sharp lower contact and 
abundance of quartz sand, pellets and clasts in the lower 
part seems to represent a regression or initial transgres­
sion as suggested by Peterson (1968). The paucity of 
fossil material is probably partially due to the water 
chemistry and the abundance of clastic material being 
deposited.
Later, conditions were altered by what was probably 
the maximum Phosphoria transgression. Under initial 
conditions deposition of a nearshore carbonate was favored 
with chert forming in the slightly deeper waters. The 
presence of spicules again indicates that the cherts are 
at least partially due to the accumulation of siliceous 
sponge remains.
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Interval G
The Ervay Carbonate Member is the main constituent of 
Interval G. It is represented in the subsurface by a 
fairly clean carbonate deflection on the gamma ray curve 
(e.g., location 41, B-B’, Plate XI) with a sharp radioactive 
deflection near the middle of the section.
The problem of the gradation of the Tosi Chert into 
the lower part of Interval G has already been briefly 
discussed. The chert to carbonate boundary is transitional 
grading upward from chert to cherty carbonate to carbonate. 
The Tosi is widespread and appears throughout the entire 
study area, but it thins from nearly 4 0 feet in the west to 
ten feet in the east.
The Ervay carbonate overlies and locally intertongues 
with the Tosi. It, too, occurs throughout the entire 
study area and ranges in thickness from 30 to 6 0 feet.
East and north of the study area the lower part of the 
carbonate intertongues with the upper part of the Freezeout 
Shale.
Lithofacies
The Ervay carbonate is represented by three major 
facies.
38
Bioclastic facies »--Directly overlying the Tosi 
Chert is a bioclastic carbonate which extends throughout 
the study area. This facies is generally composed of 
highly fragmented debris (Fig, 4). The majority of the 
facies is a grainstone but may be a packstone and even 
a wackestone in places. It is a limy facies in the west 
and becomes dolomitic to the east, beyond the South Fork 
Little Wind River section (location 10, Plate VII).
The bulk of the fossil debris is composed of brachio­
pod shells, fenestrate and ramose bryozoans and echinoid 
and crinoid fragments. Echinoids had been previously 
reported missing from fossil collections of the Permian 
from the Wind River Mountains (Yochelson, 1968). Disar­
ticulated pentagonal and circular crinoid ossicles are 
also present, but the plates from the main cup are either 
very rare or easily confused with echinoid fragments in 
thin section. Shark's teeth or "fairy collar buttons" 
are scattered throughout the Ervay and other members of 
the Phosphoria. Wilkinson (196 7) reports that there are 
"...palatal teeth situated in the mouth and on other 
elements of the visceral skeleton in palaeoniscoid fish." 
These are probably shell feeding sharks which Brouwer 
(1966) suggests were potential predators of the crinoids. 
At a few locations Plagioglypta are common members of the
»
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1 nun
Fig. 4.-Ervay Member (BL-EllO-U) - Grainstone: 
biosparite; echinoid gragment (1), 
bryozorin fragment (2) and miscellaneous 
debris.
4
1 mm
Fig. 5.-Retort Member (SFLW-10) - Cross-section of 
echinoid spine (1) in grainstone: sandy
pelletai, intraclastic phosphate rock; 
brachiopod shell fragment (2), phosphorite 
pellets (3), and phosphorite intraclasts (4) 
Crossed polars.
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bioclastic facies. In the uppermost beds of the bioclastic 
facies at the Little Red Creek and Dinwoody Lakes sections 
(locations 5 and 6) fenestrate bryozoans are most abundant.
Locally the lowermost bioclastic beds of the Ervay 
may be silicified. These areas are associated with an 
abundance of sponge spicules which occur in the matrix and 
also as small "pods" averaging 5 to 10 mm in diameter. The 
bioclastic facies includes minor occurrences of dolomite, 
some of which displays relict fossils and sponge spicule 
"pods."
Phylloid algae facies and mud-pellet dolomite 
facies.--These two facies are discussed together as they 
intertongue and are locally intermixed in the eastern 
portion of the study area and are probably products of the 
same or very similar environments. These facies generally 
occur above the bioclastic facies. The porous algae 
facies has been recrystallized and some of it is dolomitized 
so that no internal structures of the phylloid-type algae 
are visible. The leaflike fragments appear in thin section 
as elongate curved features with rounded ends and parallel 
sides (Fig. 6). Sometimes the algae appears as a dark 
line down the center of sparry fibrous crystals which are 
aligned perpendicular to the dark line. D. Winston (oral 
communication. M a y , 1970) states that this was originally
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an aragonite coating on the leaf. The leaf was buried, 
its interior decayed and the leaf collapsed leaving the 
organic remains sandwiched between the aragonite. Nearly 
all of the pellet facies is dolomitized, which in many 
cases partially or completely destroys the visible pellet 
structure. The algae and pellets are not interdependent 
as they occur both separately and together.
In the vicinity of Dinwoody Lakes the whole Ervay 
is composed of the bioclastic facies. Fragments of 
phylloid algae are intermixed with some beds of this 
facies. In addition to the usual bryozoans, echinoderms 
and brachiopods there are scattered areas where gastropods 
and pelecypods (?) are fairly common. A thin-section of a 
sample from this locality revealed a bryozoan encrusting an 
echinoid fragment (Fig. 7). There are other minor occur­
rences of encrusting bryozoans throughout the Phosphoria 
in the Wind River Mountains.
Eastward the pellet-algae facies contains zones of a 
porous oolite subfacies. Quartz silt grains make up many 
of the oolite centers, but much of this facies has been 
leached and silicified so that other centers are more or 
less indistinguishable.
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I m m
Fig. 6.-Ervay Member (TR-lL) ^ Grainstone: phylloid
algae biodolomite.
7 r ' '
^ 4:^ Ï..
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I m m
Fig. 7.-Ervay Member (DL-E6 8L) - Bryozoan (1) 
encrusting echinoid fragment (2).
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Interpretation
The Tosi Chert probably represents part of a trans- 
gressive sequence. To the east of the study area it inter­
tongues with and laterally grades into the carbonate of 
the Ervay Member. The Tosi possibly represents the time 
of maximum transgression with the overlying carbonate 
representing a slight regression allowing the carbonate 
facies to migrate over the area of chert deposition. On 
the other hand, this might not indicate any decrease at 
all in depth but simply a lateral spreading out of the 
carbonate facies as time progressed.
Nevertheless, a bioclastic carbonate does cover the 
Tosi Chert. The fossil debris represents an unusual 
accumulation in that, except for a very few examples, there 
are no representative fossils which seemed to be growing 
in place.
The abundance of fossil debris and the paucity of 
fossil material which occurs in growth position leads the 
writer to suggest that either a linear biogenic mound 
existed to the southwest and subparallel with the Wind 
River Mountains or perhaps the buildup obliquely cut the 
line of surface sections (A-A') in the Wind River Mountains 
but has been overlooked due to the spacing of the sections.
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A northward trending thickening is shown in the Ervay 
bioclastic facies (Plate VIII) which may lend support to 
the latter suggestion. In either case, such a mound 
could have built up into the zone of wave action, thus 
causing the distribution of fragmented material to areas 
below wave base.
Oolites, such as those in the southeastermost part 
of the study area, formed on shoaling banks with gentle 
agitation from wave action. The associated pellets, 
probably of fecal origin, and phylloid algae are also 
indicators of fairly shallow, nonturbulent waters. The 
fact that the pellet and algae facies and the oolite 
subfacies are dolomitized would indicate that the shoaling 
was associated with dolomitization. The shoaling waters 
and organic buildups probably combined their effects to 
dolomitize the sediments by refluxion and penecontemporane- 
ous replacement as has been previously discussed. Evidence 
for supratidal dolomitization has been reported for the 
Ervay to the north (Cole, 1970).
PALEOENVIRONMENT
The slope of the Wyoming shelf is an important factor 
to consider when contemplating deposition of the Phos­
phor ia. The slope must have been very gentle to have 
deposited such a relatively uniform thickness of sediments 
over a distance of several hundreds of miles. Consider 
the cross-section A-A' on Plate X. The vertical exaggera­
tion of this cross-section is 264 times the horizontal 
scale. In true perspective using the same horizontal 
scale (1 inch = 2 miles) the vertical components would be 
represented by a line 0.03 inch thick. The borderline 
across the top of Plate X approximates this scale.
The epeiric sea on a broad gently sloping shelf is 
divided into three energy zones with corresponding sedi­
mentation patterns by Irwin (1965). Preceding shoreward 
these zones are: (1) a low energy zone hundreds of miles
wide where the sea bottom is below wave base, (2) a high 
energy zone tens of miles wide extending from the point 
where wave base first encounters the sea bottom shoreward
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to a point where wave energy is largely dissipated by 
friction and (3) a zone of low energy up to hundreds of 
miles wide where little circulation exists. The high 
energy zone is characterized by abundant marine life with 
animal life flourishing on the seaward part and algal 
and chemically formed carbonate sands occurring toward the 
landward side. In the offshore low energy zone turbulence 
is rare and reducing conditions develop. Benthonic animal 
life is rare, but much carbonate sediment in the form of 
broken fragments is supplied from the high energy zone.
The nearshore low energy zone with restricted circulation 
causing salinities to increase shoreward is an ideal 
location for evaporite formation.
It is suggested that Irwin's (1965) theory of epeiric 
sedimentation is a good framework on which to build a 
sedimentation model for the Phosphoria Formation. Distri­
bution of some of the lithologies was determined in part 
by water currents, including wave-generated currents, 
channel currents, net flow of water into evaporite basins 
and upwelling ocean currents (Sheldon and others, 1967b). 
Extension of elongate sandstone bodies southward from 
Montana probably resulted from sediment transport by long­
shore drift. Daily tidal fluctuations likely caused 
channel currents in the eastern restricted area where the
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widespread laminated mudstone was deposited. The evaporites 
also associated with the restricted area not only indicates 
an arid climate but also a net inflow of marine water into 
the evaporite basins as would have been required to concen­
trate and precipitate the evaporite beds (Sheldon and others, 
1967b).
Statistical studies of eolian cross-bedding in the 
Lyons Sandstone in southeastern Colorado indicate that 
during Leonard time the prevailing winds blew from the 
north (Sheldon and others, 1967b). The northerly wind 
augmented by the Coriolis force produced a southwesterly- 
flowing offshore littoral current which in turn caused the 
upwelling of the cold, phosphorus-rich deeper oceanic 
water to replace the outflowing surface water. This situa­
tion is reported to be a common one in areas of present 
phosphate deposition along the western edges of continents 
(Sheldon, 1964). Also, areas of present upwelling are 
characteristically accompanied by an arid climate (Sheldon 
and others, 1967b), a situation which fits the Phosphoria 
evaporite deposition.
Phosphoria paleontology presents several enigmas. 
Fusulinids and corals are virtually lacking from the 
Phosphoria sediments. Both types of organisms usually 
flourish on a shallow marine shelf with warm, clear water
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of normal salinity and good circulation (Ager, 196 3; Moore 
and others, 1952). These criteria seem to be provided by 
the area seaward of the restricted facies in the study 
area. Sheldon and others (1967b) interpret this environ­
ment to have ranged from 5^25®C in temperature. Colonial 
coral growth is reported to exist in waters ranging from 
22-36®C, but optimum temperature is between 25 and 2 9°C 
(Ager, 1963). Possibly these waters were cooled just 
enough by the upwelling currents to make the area inhospi­
table for corals.
Disarticulated crinoid ossicles are fairly common in 
the Phosphoria of the Wind River Mountains, but there are 
very few calyx plates and preserved whole specimens 
(Yochelson, 1968). Brouwer (1966) suggests that shell- 
feeding sharks were potential predators of the crinoids, 
however, this could hardly account for all of the calyxes. 
It is here suggested that after death, disarticulation 
of the skeletal elements occurred and that the calyx plates 
were less likely than the ossicles to survive the abrasion 
induced by the currents. As modern crinoid ossicles will 
float for some time (Yochelson, 1968), the ossicles may 
have escaped some of the abrasion afforded the plates. 
Furthermore, broken and abraded calyx plates may easily be 
mistaken for ossicle fragments in thin section studies.
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The echinoids have heretofore been overlooked in the 
Phosphoria of the Wind River Mountains. During this study, 
echinoid spine fragments and plates were identified from 
the Grandeur, the Glendo Shale, the Retort Phosphatic Shale 
(Fig. 5), the interbedded shales of the Tosi Chert and 
from the Ervay. Permian echinoids belong to the subclass 
Regularia (Moore and others, 1952). It is not surprising 
that their remains are not abundant as they were flexible 
forms which lived on hard bottoms, and thus were not 
likely to be preserved intact.
Phylloid algae, which are most common in the Ervay 
Carbonate Member, occur as leaflike shaped structures with 
little or no discernible internal structure. These forms 
are probably analogous to modern forms of calcareous 
codiacean green algae and coralline red algae found in 
shallow sunlit waters (Heeke1 and Cocke, 1969). The con­
centration and distribution of phylloid algae in the lime­
stone -dolomite transition area of the Ervay would suggest 
a range from normal to slightly hypersaline.
ALTERATION
The alteration occurring in the Phosphoria is dis­
cussed under three main categories: (1) dolomitization,
(2) silicification and (3) phosphatization.
Dolomitization
The bulk of the Permian dolomites within the study 
area seem to fit the penecontemporaneous dolomitization 
theory of Friedman and Sanders (196 7) and partially the 
seepage reflux theory of Adams and Rhodes (196 0) . Both 
of these theories require the concentration of a Mg-rich 
brine in waters of restricted circulation. On a broad 
shelf with minimal slope, free circulation may be inhibited 
in the nearshore zone simply as a consequence of being 
situated landward of the zone of turbulence (Irwin, 1965) 
or with the aid of an organically produced restrictive 
barrier (Adams and Rhodes, 1960). Evaporation increases 
the ionic concentration of the water until aragonite 
precipitates followed later by gypsum or anhydrite. This
5 0
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increases the magnesium concentration of the brine, which, 
because of its increased density, is stratified beneath 
the fresher marine water brought in by a limited amount of 
free circulation. Freshly precipitated aragonite would be 
dolomitized as it settled through the Mg-rich brine. The 
brine would also tend to migrate seaward, downslope, and 
down through the sediments. The algal and pellel accumula­
tions as well as any existing restricting barriers would 
be dolomitized as the migrating brine passed through them. 
The resulting sequence of lithologies would include 
anhydrite or gypsum and halite in some nearshore areas 
grading seaward to dense dolomites, pellet-algal dolomites, 
possibly some bioclastic dolomites, and finally bioclastic 
limestones.
The carbonate of the Grandeur Member is nearly all 
dolomite. The slightly irregular erosional topography on 
the Tensleep Sandstone may have provided a series of 
barrier islands and basins or lagoons. It would appear 
that in the vicinity of the Jakeys Fork section where 
Interval A is fairly thin (location 4, Plate X) a high 
positive area existed that may have been part of the 
barrier island system. Although the Conant Creek section 
(location 61) is somewhat disturbed by structure, it 
appears that there is a facies change to a nearshore shaley
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lithology at this locality. The transgression of the 
Grandeur sea was not as far reaching to the east as 
were later invasions of the sea during the Permian.
The lower part of the Franson Member and the equiva­
lent Minnekahta Tongue is also mostly dolomite. The 
situation must represent circumstances similar to those 
which were responsible for the deposition of the Grandeur. 
The combined thickness of Intervals C-D-E in the Jakeys 
Fork area is again fairly thin compared to the rest of 
the stratigraphie sections in Plate X.
A few minor regressions during the deposition of the 
middle part of the Franson caused the nearshore shaley 
facies to intertongue with the carbonate facies as far 
west as Dinwoody Lakes (location 6). In the field these 
shales were not well exposed but were noted to contain some 
disseminated gypsum and pyrite.
The majority of the upper part of the Franson and 
equivalent Forelle Tongue is composed of bioclastic lime­
stone extending beyond the eastermost limit of the study 
area. The limestone composition and abundance of fossil 
debris most likely represents open circulation of a 
shallow water marine environment.
The uppermost Permian carbonate in the study area, 
the Ervay Member, is composed of bioclastic limestone in
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the western part and pelletai and algal dolomite in the 
eastern part with the transition occurring between the 
South Fork of Crooked Creek and the South Fork of Trout 
Creek (locations 12 and 14). There was probably a 
barrier mound in this general vicinity; with the spacing 
of the measured stratigraphie sections such a barrier could 
have been present but overlooked when the field data were
collected for the present study. The limestone in the
west is rich in bryozoans, brachiopods, echinoids and 
crinoids with some phylloid algae near the transition zone. 
The dolomite does not appear as fossiliferous but does 
contain many relict fossil fragments within the pelletai 
and phylloid algae facies.
In general there is some disseminated gypsum within 
the dolomite, but there are no gypsum beds within the 
measured surface sections of the study area. Gypsum and 
anhydrite are reported in the subsurface and farther north 
in the Big Horn basin to the north of the study area (Cole,
1970) for Intervals A, C and D.
Silicification
The presence of siliceous sponge spicules attributes 
at least part of the chert occurrences to direct accumulation
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of sponge remains. However, it cannot be stated that 
sponge remains have been noted in all or even in the 
majority of the Phosphoria cherts. What then is the 
source of this silica?
Silica in oceanic water has either been derived from 
the weathering of landmasses or from submarine volcanic 
activity. This silica must then be extracted from solu­
tion through inorganic precipitation of some sort or by 
concentration by organic activity. It has been noted that 
sea water concentrations of silica are very dilute 
(Krauskopf, 19 59), and that theoretically chert could not 
be inorganically precipitated from such a solution (Pittman, 
1959; Krauskopf, 1959). Several marine organisms do 
concentrate and precipitate silica to form their skeletal 
elements.
Silica will dissolve at a pH greater than 9 and will 
precipitate from a solution when the pH falls below 9 
(Krauskopf, 1959), which is just the reverse of the 
response by calcite (Pittman, 1959). Decay of newly buried 
organic remains raises the pH of interstitial fluids by 
liberation of ammonia and lowers the pH by evolving carbon 
dioxide. With varying changes in pH occurring throughout 
the sediments silica could easily be dissolved at one 
location and be deposited at another (Pittman, 1959). Thus,
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amorphous silica of sponge spicule accumulations could be 
partially dissolved and transported to a site of calcite 
dissolution, an area of low pH, and be precipitated. The 
Phosphoria cherts present examples of both selective 
replacement of carbonate fossils exclusive of carbonate 
matrix and complete silicification of both fossils and 
matrix, probably due to the very local variations in the 
chemical environments.
Phosphati zation
Many of the fossil fragments have been replaced and/or 
infilled with brown microcrystalline phosphate or green 
"glauconite." These minerals also occur as pellets in 
shaley, sandy and carbonate beds. Some of these green 
pellets were hand picked from several samples of dis­
aggregated shale. A few random pellets were picked, a thin 
section made of them, and checked to be sure they were the 
same "green" pellets seen in thin sections of the carbon­
ates. The other pellets were then pulverized, mounted and 
x-rayed. These green pellets were not glauconite but 
rather carbonate-fluorapatite, Similar results were 
reported by Bailey and Atherton (1969) in tests they ran 
on "glauconite" pellets from a glauconitic sandy chalk
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from the Cretaceous of Northern Ireland. They x-rayed 
"grass green" and "light green" pellets, the former 
being glauconite but the latter being carbonate-fluorapa­
tite with coloration due to pigmentation by minor amounts 
of glauconite. These results suggest that glauconite may 
not be as common in the Phosphoria sediments as previously 
believed. Both phosphate and glauconite pellets may be 
present in the Phosphoria, although no attempt was made to 
pursue this investigation beyond the initial x-ray analysis 
of the carbonate-fluorapatite pellets. Sheldon (1963) 
reports that the brown microcrystalline phosphate pellets 
are also composed of the mineral carbonate-fluorapatite.
Replacement by the green variety of phosphate is 
always associated with replacement by the brown variety, 
but the latter type may occur independently. The phos­
phatization is preferentially associated with the allochems 
as opposed to the matrix of the carbonates. Although 
replacement or infilling of these features by either 
variety is common, one of the most typical occurrences is 
for the brown variety to infill the bryozoans and the 
green variety to replace the associated echinoid fragments.
Glauconite forms under midly oxidizing conditions in 
shallow seas (Krauskopf, 19 67). The cold upwelling currents 
locally enrich areas in ingredients required for phosphate
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as well as glauconite formation. Bailey and Atherton 
(1969) suggest that the phosphate pellets "...were either
(1) fecal pellets, consisting of clay mineral material or 
clay carbonate mixtures, which suffered the appropriate
*glauconitization' and phosphatization on the sea bed; or
(2) primary accretionary aggregates of colloidal parti­
cles which aged and crystallized on the sea bed." The 
above authors tend to favor the second hypothesis ; however, 
due to the variable nature of the Permian phosphates as 
phosphatic shale, clasts, and pellets, this author tends 
to favor the early diagenesis of clay to clay carbonate 
mixtures. The infilling of small voids in fossil or 
replacement of fossil material by phosphate is attributed 
to the micro-environments set up within the voids or 
organisms, perhaps by decaying organic matter.
SUMMARY OF CONCLUSIONS
The Permian deposits in the Wind River basin represent 
three major transgressions, each containing one of the 
main carbonate members of the Phosphoria Formation.
The erosional topography on the Tensleep sandstone is 
reflected in the sedimentation of the Phosphoria up 
through the deposition of the Retort.
The phosphatic members are indicative of fairly shallow 
waters of regression or early transgression (Peterson, 
1968) .
The Glendo Shale tonguing into the Franson represents 
minor regressions during a major transgression rather 
than marking the boundary between the two cycles of 
Sheldon (1963).
The Glendo Shale was deposited in calm but turbid waters 
unsuitable for carbonate-forming organisms.
The circulation of nearshore waters of the Permian sea 
on the Wyoming shelf may have been restricted by the 
breadth and gentle slope of the shelf; barrier mounds 
may have aided in restricting circulation at times.
Dolomitization of the carbonates was due to a combination 
of penecontemporaneous diagenesis and seepage reflux of 
Mg-rich brines through organically produced carbonate 
barriers.
The phosphorites do not seem to be associated with 
volcanic activity (Cook, 196 7) but may be due to early 
diagenesis of pellets, clasts and muds composed of 
clay to clay-carbonate mixtures.
Some of the cherts are due to direct accumulation of 
siliceous sponge spicules; the remainder may be due to 
dissolution and reprecipitation of these spicular 
accumulations as dictated by variations in pH.
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Glauconite may not be as common in the Phosphoria 
sediments as previously reported.
Echinoid remains are now included in the Phosphoria 
faunal assemblage.
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APPENDIX A
The control points which were used in the preparation of 
this report are listed below. The numbers refer to location 
on the index map (Plate I).
S=surface sections, L=lithologic logs, R=radioactive log, 
and E=electric log.
1. Burroughs Creek (S) 13 43N 107W
2. DuNoir River (S) 24 42N 108W
3. Little Warm Springs (S) 14 41N 107W
4. Jakeys Fork (S) 25 41N 107W
5. Little Red Creek (S) 15 5N 6W
6. Dinwoody Lakes (S) 6 4N 5W
7. Meadow Creek (S) 2 3N 5W
Bob Creek (S) 35 4N 5W
8. Bull Lake (S) 2 2N 4W
9. Pevah Creek (S) 21 IN 3W
10. South Fork Little Wind River (S) 18 IS 2W
11. Crooked Creek (S) 29 IS 2W
12. South Fork Crooked Creek (S) 22 IS 2W
13. Trout Creek (S) 34 IS 2W
14. South Fork Trout Creek (S) 2 2S 2W
15. Torrey Creek (S) 7 40N 106W
16. Baldwin Creek (S) 18 33N lOOW
17. Little Popo Agie Creek (S) 8 31N 99W
18. Twin Creek (S) 12 30N 99W
19. Beaver Creek (S) 10 30N 97W
20. Shell Shoshone Arapaho #1 (LRE) 1 6N 4W
21. Continental 38 Shoshone 7609 (RE) 36 7N 3W
22. Continental Tribal #1 (LE) 4 6N 2W
23. British-Amer. Arapaho #2 (E) 3 6N IW
24. Carter Shoshone-Madden # 1 (LE) 30 7N IE
25. Cities Service Tribal #1 (LE) 9 5N IE
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26. Atlantic 1 ”B" Govt. (RE) 23 5N IW27. Mobil F2232G (LR) 32 45N 99W
28. Panther Tribal #1 (R) 3 2S IW
29. Phillips Fremont #1 (RE) 9 5N 2W
30. Phillips Tribal #1 (RE) 27 6N 3W
31. Lamar Hunt Tribal 3! (E) 18 6N 3W
32. Plymouth Oil #1 Tribal (LRE) 23 5N 2W
33. Brehm Tribal #1 (R) 18 4N IW
34. British-Amer. Tribal #26-E (LRE) 5 3N IW
35. Brinkerhoff-Sohio 1 Tribal 4781 (RE) 9 3N IW
36. Reasor Tribal #1 (E) 9 2N IW
37. Stanoline Yamba et al #1 (E) 11 2N 2W
38. True 9-1 Tribal (E) 13 2N 2W
39. Stanolind 9 Tribal "A" (LRE) 10 2N IW
40. Stanolind Shoshone-Arapoho #1 (E) 4 IN IW
41. Continental Sage Creek #2 (LR) 27 IN IW
42. Lowe 1 Winnie Trosper (E) 6 IS IE
43. Farmers Union Tribal #1 (E) 7 IS IE
44. Reasor 1 Gustin (RE) 23 . IS IE
45. Woodson Tribal #1 (R) 13 2S IE
46. True 1 Learned (R) 3 33N 99W
47. L. Porter Sesnon 1 US Young (LE) 19 33N 98W
48. Petroleum Inc. 1 Forrest D Sprout (E) 35 33N 99W
49. Pure 6 6 Pure Fee (R) 13 32N 99W
50. Pure #17-M USA (L) 4 31N 98W
51. Barber 1 Govt. (RE) 4 31N 98W
52. Cabeen 1 Blume^Govt. (E) 19 32N 98W
53. Carter 1 Govt.-Lessner (E) 18 31N 9 7W
54. Bland & Barnhart Henton #1 (LE) 19 31N 96W
55. Atlantic Tribal #4 (RE) 36 IS 4E
56. Pan Amer, Beaver Creek Unit #5 8 (RE) 34 34N 96W
57. Pan Amer. Unit 52 (RE) 9 33N 96W
58. Stanolind Unit 11 (L) 10 33N 96W
59. Pioneer 1 Govt (E) 7 33N 94W
60. Hancock 1 State (L) 14 33N 94W
61. Conant Creek (S) 31 33N 9 3W
62. Far West 1-A Govt. (E) 34 33N 9 3W
63. Atlantic 2 Tribal "A" (E) 29 IS 6E
64. Davis 1 McCulloch-Govt. (L) 21 42N 107W
65. True Oldham #1 (E) 33 42N 106W
66. Pan Am. Pet. #68 BCU (R) 10 33N 96W
67. Union Oil #30 Dunne (R) 4 31N 98W
68. Pan Am. Pet. #8 Empire State (R) 4 33N 99W
69. Union Fourt #8 (R) 13 32N 99W
70. W. C. McBride #2 Shoshone-Arapahoe (RE) 33 3N IW
71. Rosco E. Pursley #William M. Wilkinson (R) 9 3 IN 99W
72. Pioneer Unit #1 (E) 26 32N 95W
68
73. Far West #1 Govt. Sonde (E) 5 32N 9 3W
74. Mobil #T41-36-I (E) 36 9N 2E
75. Empire State 1 Embar^Campbell (E) 36 9N IE
76. Canada Southern Tribal #1 (E) 6 8N 3E
77. Sinclair Punkin Draw (E) 14 8N 2E
78. Sinclair #20 Unit (R) 3 32N 95W
79. Marathon Oil #4 Tribal (RE) 22 6N 2W
80. Continental Oil #2^6 3 Shoshone (R) 6 6N 2W
81. Red Creek (S, Cole, 1970) 8 8N 2E
82. Anchor Dam (S, Cole, 1970) 43N lOOW
APPENDIX B
Following are partial descriptions of the surface 
sections which were sampled in the Wind River Mountains for 
this report. These descriptions are mostly supplemental 
to previously published material as noted in the individual 
sections. Field terms are used except where carbonate thin 
section studies were made, in which case the pétrographie 
descriptions are used and followed by other pertinent data.
DuNoir River, Sec. 24, t. 42 N . , R. 108 W . , Wyoming.
This section was originally measured by Condit (1913); 
it was remeasured and sampled by J. A. Peterson and 
the writer in August, 1968. Descriptions of the beds 
above DR-13 and below DR-1 are from Condit (1913) and 
were not seen in the field.
Unit
Tosi Member
Retort Member
Thickness
10.0 ft.
25.0 ft.
1.0 ft. 
0.9 ft.
1.9 ft.
Description
Chert; weathering rusty brown, 
overlain by gravel.
Shale; dark, sandy, calcareous; 
thin phosphatic bands.
Phosphate rock ; dark, granular.
Phosphate rock and calcareous 
nodules.
Limestone and phosphate rock; 
impure, sandy.
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0.5 ft. Phosphate rock; fossiliferous.
Franson Member
DR-13 6.0 ft. Chert; sharp contact with over-
lying Retort.
DR-12 1,0 ft. Phosphatic shale; gradational
contact at the base, sharp at 
the top.
DR-11 1.0 ft. Quartz arenite; dolomitic;
ramose bryozoans.
DR-10 0.5 ft. Shale, phosphatic; sharp con­
tact at base, gradational at 
top; ramose bryozoans and 
amber fish fragments.
DR-9 3.5 ft. Mudstone, cherty, argillaceous.
DR-8 0.8 ft, Wackestone : cherty, phosphatic,
argillaceous, crystalline 
dolomite; sharp contact at base, 
gradational at top.
DR-7.5 4.0 ft. Wackestone/packstone: phos­
phatic, biomicrite; brachiopods, 
gastropods, ramose bryozoans, 
fish fragments.
DR-7 5.0 ft. Grainstone: biosparite; crinoids,
ramose bryozoans, brachiopods, 
gastopods, and phosphatic intra­
clasts ; four inch bed of reworked, 
water-worn fossil debris at top.
DR-6.9 1.0 ft. Wackestone: argillaceous, fos-
siliferous crystalline dolomite ; 
intraclasts ; echinoids and 
fenestrate bryozoans; partly 
silicified and phosphatized.
D R - 6.8 4.0 ft. Mudstone/wackestone: porous
fossiliferous crystalline dolo­
mite ; echinoids, ramose bryo­
zoans; scattered chert nodules.
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DR-6.7 0.3 ft. Breccia, shaly, calcareous,
dark; up to one foot thick in 
scour cuts (?) ; bitumen in 
fractures.
DR-6.6 3.5 ft. Crystalline carbonate; recrystal­
lized pelmicrite?
DR-6.5 5,5 ft, Grainstone: pelecypod bio­
sparite; abundant recrystallized 
pelecypod shells; good porosity; 
sharp contact at base and top.
DR-6,4 0,2 ft. Shale, dark; phosphatic.
DR-6.3 3.0 ft. Crystalline carbonate; mottled,
intraclastic crystalline dolo­
mite; quartz sand in lower part.
DR-6.2 5.0 ft. Grainstone: sandy, leached,
intraclastic, crystalline dolo­
mite; three beds with 2 to 4 
inch phosphatic pebble bed at 
the top of each.
DR-6.1 7.0 ft. Crystalline carbonate: silty
to argillaceous crystalline 
dolomite ; trace of pyrite.
DR-6.09 2.5 ft. Shale, green, calcareous.
DR-6.08 5.0 ft. Grainstone: silicified pelmi­
crite ; silty to sandy in lower 
portion.
DR-6.07 10.0 ft. Shale, bright green with 5-6
inches of red shale at top; 
occasional thin limestone and 
chert beds.
DR-6.06 10.0 ft. Covered.
DR-6.05 4.0 ft. Shale, green with some red in
lower part; sharp lower contact.
Shedhorn Tongue
d r -6 6.0 ft. Quartz arenite, well rounded,
medium-grained; scattered chert 
nodules.
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Rex Chert Member
- 18.0 ft. Chert.
Tongue of Meade Peak Member 
DR-5 0.5 ft.
Grandeur Member
1.5 ft.DR-4
DR-3
DR-2 
DR-1
Shale, phosphatic, sandy.
Grainstone: phosphatic, sandy, 
pelletai crystalline dolomite; 
gradational upper contact.
0.5 ft. Shale, phosphatic with chert
nodules.
1.5 ft. Crystalline dolomite ; dense.
1.0 ft. Shale, red and green.
14.0 ft. Quartz arenite, dolomitic.
16.0 ft. Chert, white, laminated.
Little Warm Spring Creek, Sec. 14, t . 41 N . , R. 107 W. 
This section was measured and sampled by J. A. 
Peterson and the writer in August, 196 8.
Unit 
Upper Shedhorn 
WSC-3
Tosi Member
WSC-2
Thickness
8.0 ft.
11.0 ft.
Description
Quartz arenite, fine-grained, 
well sorted; rare gentle cross­
bedding; interbedded with some 
chert lenses in the lower 2 
feet ; phosphatic in lower 1 
foot ; gradational contact with 
underlying bed; sharp contact 
with Dinwoody.
Chert, light-colored; consider­
ably brecciated.
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WSC-1 2.5 ft. Quartz arenite, cherty in part;
phosphatic pellets; orbiculoid 
brachiopod fragments. Thrust 
faulted; some Rex and Franson 
exposed to the east in thrust 
fault slice.
Little Red Creek, Sec. 15, T. 5 N . , R. 6 W . , Wind River 
Meridian. This section was measured, described and 
sampled by J. A. Peterson and the writer in August, 
1968.
Unit Thickness Description
Dinwoody Formation
3.0 ft.
Ervay Member
LRC-30 4.0 ft.
LRC-29 10.0 ft.
LRC-2 8 1.5 ft.
LRC-26 5.0 ft.
Siltstone. 
Shale, green.
Wackestone: fossiliferous, 
crystalline dolomite, with 
sponge spicules, echinoids and 
ramose bryozoans; small nodules 
of black chert.
Wackestone: fossiliferous dolo­
mite ; pelletai; sponge spicules, 
echinoids, ramose bryozoans; 
phosphatic in part ; porous ; 
small nodules of black chert.
Shale, green and red with quartz 
sand and gypsum; thickness 8-10 
feet short distance away and 
contains abundant chert nodules 
with fossil coatings and some 
silicified fossils.
Grainstone: intra- to biosparite 
with crinoids, echinoids, 
ramose bryozoans and gastropods; 
some phosphatic replacement; oil 
stained in part.
74
LRC-25
LRC-24
LRC-2 3 
LRC-22
4.5 ft. Grainstone: fossiliferous
crystalline dolomite; pro- 
ductid brachiopods, sponge 
spicules, fenestrate and 
ramose bryozoans, echinoids; 
partly phosphatized and silici- 
fied; grading into tan silty 
shale in the upper 1.5 feet.
2.5 ft. Shale, green to green-gray,
becoming dark gray in upper 
part T contains many chert con­
cretions with green coating ; 
fenestrate and ramose bryozoans, 
circular and pentagonal crinoid 
ossicles, rhychonellid brachi- 
pods, pelecypods and small 
gastropods.
1.5 ft. Dolomite, cherty.
2.0 ft. Shale, tan to gray, with
phosphate pellets, circular 
crinoid ossicles, ramose bryo­
zoans, small gastropods and 
pelecypods.
Tosi Member
LRC-21 10.0 ft. Dolomite, finely crystalline 
with large scattered vertical 
chert concretions which contain 
sponge spicules.
LRC-20 7.0 ft Dolomite, as above, but with 
more chert.
Retort Member
LRC-19
LRC-18
LRC-17
22.0 ft
0.4 ft 
3.5 ft
Dolomite, very thin-bedded, and 
black shale with some cherty 
layers.
Phosphate rock, black, pelletai.
Limestone, black, thin-bedded; 
some chert ; some slaty black 
shale and pelletai phosphate 
rock.
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7.0 ft. Shale, dark gray to black,
thin-bedded, laminated to 
platy.
3.0 ft. Shale, dark gray to brown.
LRC-14 1,5 ft. Grainstone: intraclastic,
silty, pelletai phosphate rock; 
productid brachiopods.
LRC-13 1.0 ft. Shale, brown.
LRC-12 1.0 ft. Grainstone: very sandy intra­
clastic phosphate rock; 
productid brachiopods.
LRC-11 2.5 ft. Quartz arenite, very phos­
phatic ; ramose bryozoans, 
productid brachiopods, echinoids.
LRC-10 0.7 ft. Shale, cherty; also, phosphate
rock with productid brachiopods, 
ramose bryozoans.
LRC-9 2.0 ft. Quartz arenite, phosphatic, oil-
stained .
Franson Member
LRC-8 2.5 ft. Grainstone: biosparite, with
phosphatic matrix; ramose bryo­
zoans and productid brachiopods.
LRC-7 7.0 ft. Chert and cherty limestone with
minor shale (productids and some 
spirifers) or shaly carbonate ; 
unit is covered in part.
LRC-6 1.5 ft. Grainstone; calcareous, sandy,
partly silicified, fossilifer­
ous, pelletai, intraclastic 
phosphate rock ; echinoids, ramose 
bryozoans, phosphatic brachiopods
LRC-5 1.5 ft. Quartz arenite, phosphatic,
cherty, calcareous, slightly 
fossiliferous with brachiopods, 
ramose bryozoans and sponge 
spicules.
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LRC-4
LRC-3
LRC-2
LRC-1
LRC-0.5
LRC-0.45
LRC-0.4
LRC-0.3
3.5 ft. 
1.0 ft.
0.5 ft.
1 . 0  ft.
8 . 0 f t ,
6.0 ft.
8 . 0  ft.
7.0 ft.
Meade Peak Member (?)
LRC-0.2 15.0 ft.
Grandeur Member
LRC-0.1 7.0 ft.
Dolomite and chert.
Shale, tan, soft, phosphatic; 
crinoids, ramose bryozoans, 
productid brachiopods, fish 
scales (?) and teeth and 
gastropods.
Grainstone: cherty, phosphatic 
biosparite; echinoids, ramose 
bryozoans, brachiopods and fish 
(?) fragments.
Shale, red; chert concretions; 
circular crinoid ossicles, 
ramose bryozoans, brachiopods, 
sponge spicules, small gastro­
pods , fish fragments and echinoids; 
sharp lower contact.
Grainstone: biosparite; some 
porosity and chert concretions ; 
echinoids, ramose bryozoans, 
brachiopods and crinoids; oil- 
stained.
Grainstone: mottled, partly 
silicified, phylloid algae 
pelsparite; ramose bryozoans; 
oil-stained.
Dolomite ; with quartz sand and 
silt and large chert nodules.
Dolomite with quartz sand; 
medium-bedded, porous and oil- 
stained .
Covered
Crystalline dolomite, porous, 
oil-stained.
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15.0 ft Covered interval, with some 
green to tan shale and 6-7 
feet of carbonate at base.
±50.0 ft. Shale, tan to green, with some
chert and carbonate; covered 
in part.
- Carbonate; only top exposed.
Dinwoody Lakes, Sec. 6 , T. 4 N . , R. 5 W . , Wind River
Meridian. This section has been previously described 
in Sheldon (1963). Supplemental field observations 
were made and samples were collected by J. A. Peterson 
and the writer in August, 196 8 . Bed numbers are the 
same as those in Sheldon (196 3) except above M-9 to 
below Rt-53. The descriptions below are in addition 
to those in Sheldon's publication.
Unit 
Ervay Member 
DL—E— 71
DL-E-70
DL—E — 6 9
DL-E-68
Thickness
4.8 ft.
6.8 ft.
3.3 ft.
5.9 ft.
Description
Grainstone: porous biopelsparite; 
partly silicified, phosphatized 
and oil-stained; echinoids, 
ramose bryozoans, brachiopods 
and gastropods. Overlain by 
glacial till.
Grainstone: crinoidal bio- 
pelmicrite; partly silicified 
and phosphatized; echinoids, 
brachiopods, fenestrate and 
ramose bryozoans and ostracodes.
Grainstone: biomicrite; badly 
fragmented debris of echinoids, 
ramose and fenestrate bryozoans 
and brachiopods.
Grainstone: biosparite; partly 
silicified and phosphatized; 
fenestrate and ramose bryozoans, 
echinoids and phylloid algae ; 
some burrowing.
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DL-To-6 7
DL“E “ 6 6
DL—E “ 6 5 
DL-E-64 
DL-To- 6  3 
DL—E — 6 2 
DL-E-61
DL—E— 6 0
Tosi Member
DL—to—5 9
Retort Member
DL-Rt-58
to
DL-Rt-50
DL-13
1.6 ft.
0.6 ft.
0.9 ft. 
0.5 ft. 
0.5 ft. 
0.4 ft. 
1.5 ft.
2 . 2  ft.
31.2 ft.
31.0 ft. 
2 . 0  ft.
Chert; a replacement of a fos­
siliferous carbonate like the 
one above.
Chert; as above, but some lime­
stone present, also.
Carbonate rock; cherty.
Shale, green, calcareous.
Chert.
Shale, green, calcareous.
Grainstone: phylloid algae 
biosparite: partly silicified 
and phosphatized; echinoids, 
ramose bryozoans and small 
gastropods.
Shale, green; and chert; 
circular and pentagonal crinoid 
ossicles, ramose bryozoans, 
sponge spicules, gastropods, 
pelecypods, echinoids.
Chert, argillaceous.
Phosphate rock and mudstone
Quartz arenite with chert 
(silicified carbonate) and 
gypsum; contains crinoids, 
ramose bryozoans, productid 
and spirifer brachiopods, 
sponge spicules.
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Upper Franson
DL-12 5.0 ft.
DL-11
DL-10
Glendo Shale 
DL-9
Lower Franson 
DL - 8
DL-7
DL - 6  
Rex Member 
DL-5
1 1 . 0  ft.
7.5 ft.
1 0 . 0  ft.
13.0 ft.
9.0 ft.
2 . 0  ft.
1 1 . 0  ft.
DL-4 3.0 ft.
Meade Peak Member
DL-3 2.5 ft.
Grainstone: phylloid algae 
pelsparite/phosphatic bio­
sparite; echinoids, ramose 
bryozoans and sponge spicules ; 
porous; oil-stained; beds 1 .0 - 
1.5 feet with 2-4 inch shale 
interbeds.
Grainstone: phylloid algae, 
sandy pelletai, intraclastic 
porous dolomite; brachiopods; 
cherty in upper half.
Crystalline dolomite ; mottled, 
sandy, porous, intraclastic; 
gastropods; thin shale break 
near middle.
Shale: light-gray with rust- 
red layers; fissile to laminated
Dolomite, oil-stained; much 
laminated light-gray to tan 
and green shale.
Generally covered; some 
dolomite.
Shale, green; some carbonate.
Dolomite, with many chert 
nodules.
Shale, green to red.
Grainstone (?) : leached porosity 
biosparite; brachiopods and 
phylloid algae ; oil-stained; 
chert nodules and geode layer 
at bottom.
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^^■"2 1,0 ft. Dolomite, porous, fossili­
ferous; echinoderms, brachio­
pods ; partly phosphatized.
DL^l 2.5 ft. Phosphate rock, calcareous,
sandy; echinoids and brachio­
pods; porous and oil-stained.
DL-M8,M9 1.8 ft. Crystalline dolomite ; sandy,
porous ; partly silicified and 
phosphatized; builds up in 
places.
DL-M7 1,5 ft. Phosphate rock, very sandy ;
contains small gypsum flakes ; 
generally soft with much red 
color in upper part.
DL-M 6 1.5 ft. Dolomite; sandy.
DL-M5 1.0 ft. Soft clay with chert pebbles ;
pinches and swells.
Grandeur Member
DL-G4 18.5 ft. Dolomite, porous, oil-stained;
partly silicified; massive 
bedding; stromatolitic at the 
top.
DL-G3 3.1 ft. Grainstone: pelletai dolomite ;
with stromatolitic laminations 
in lower portion; sharp 
erosional contact with Tensleep.
DL^T2 - Tensleep Sandstone ; not measured
Meadow Creek, Sec. 2, T. 3 N . , R. 5 W . , Wind River Meridian.
Bob Creek, Sec. 35, T. 4 N . , R. 5 W . , Wind River Meridian.
Described, measured and sampled by J. A, Peterson
and the writer in August, 196 8 . The upper part (MC-19
to 42) of the section was measured at Bob Creek and
the remainder (MC-1 to 18) was measured at Meadow Creek.
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Unit 
Ervay Member 
MC-42
Thickness
5.0 ft.
MC-41
MC-4 0
1 0 . 0  ft.
8 . 0  ft.
MC-39
MC-38
4.5 ft.
5.0 ft.
MC-37 2.5 ft
Description
Grainstone: very porous, silty, 
pelsparite (?); leached poro­
sity; silightly algal appearance; 
oil-stained; overlain by layer 
of rubble.
Soft rubble of chert and 
silicified fossiliferous 
carbonate.
Grainstone: biosparite; partly 
phosphatized; porous, oil- 
stained ; fenestrate and ramose 
bryozoans, echinoids, productid 
brachiopods, and gastropods ; 
medium-bedded to massive.
Dolomite ; sandy, slightly mottled; 
oil-stained ; abundant chert.
Grainstone; bryozoan biosparite; 
partly silicified and phos­
phatized; echinoids, ramose 
bryozoans, hollow silicons 
sponge spicules partly infilled 
with phosphate, and ostracodes.
Shale, green, with chert nodules; 
circular crinoid ossicles, fene­
strate and ramose bryozoans, 
brachiopods, ostracodes and 
echinoids.
Tosi Member
MC-36
MC-35
4.0 ft
2.5 ft
Chert; actually silicified 
carbonate ; ramose bryozoans and 
other fossil debris.
Shale, green ; abundant small 
round chert nodules and geodes; 
phosphatic pellets, circular 
and pentagonal crinoid ossicles, 
sponge spicules, gastropods, 
ostracodes, pelecypods, fish 
teeth.
MC-34
MC-33
28.0 ft
1.5 ft
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Chert; phosphatic; many sponge 
spicules; interbeds of carbo­
nate or shaley carbonate.
Crystalline dolomite; partly 
silicified to cherty.
Retort Member
MC-32
MC-31
MC-30
MC-29
MC-27
MC-26
MC-25
5.5 ft
35.0 ft
1. 5 ft
2 . 0  ft
Upper Franson
MC-28 2.5 ft
1.5 ft
1 0 . 0  ft
1.5 ft
Shale, black, silty, laminated; 
contains thin beds of cherty 
carbonate.
Covered; some black shale; 
laminated to platy, on slopes 
and scattered small ledges.
Phosphate rock, sandy, dolo­
mitic, with phosphatic pellets 
and clasts; productid brachio­
pods, pelecypods, gastropods.
Phosphate rock, sandy, with 
phosphatic pellets and nodules ; 
ramose bryozoans, productid 
brachiopods, sponge spicules, 
pelecypods and fish teeth.
Limestone; phosphatic; very 
sandy; ramose bryozoans and 
productid brachiopods.
Grainstone: biomicrite; phos­
phatic ; ramose bryozoans and 
productid brachiopods; porous.
Grainstone: sandy, phosphatic, 
productid biosparite; ramose 
bryozoans; top 1 2  inches is 
siliceous; lowest 6 inches is 
shaley.
Grainstone:sandy biosparite; 
productids and other fossil 
debris; sharp contact with unit 
below.
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MC-24
MC-23
MC-22
5.5 ft. Grainstone: biosparite; porous,
phosphatic; echinoids, fene­
strate and large ramose 
bryozoans and phosphatic 
brachiopods; silty in upper 
third ; chert nodules in upper 
half.
6.5 ft. Packstone/grainstone: biosparite;
porous; phosphatic; echinoids, 
ramose bryozoans and some phos­
phatic brachiopods.
10.0 ft. Grainstone: phylloid algae bio­
sparite (Upper) with pellets, 
brachiopods and echinoids; 
lower portion is a porous 
crystalline dolomite with a 
one foot cherty layer at the 
base.
MC-21 8 . 0  ft Crystalline dolomite; mottled, 
porous (due to leached fossils?); 
oil-stained ; a few large chert 
concretions.
Glendo Shale (?)
MC-20 30.0 ft Covered; much chert rubble on 
slope, either from above Tosi 
Member or from chert beds in 
this interval.
Lower Franson
MC-19 5.0 ft. Crystalline dolomite, with
leached porosity ; oil-stained ; 
medium- to thick-bedded.
MC-18 4.0 ft. Crystalline dolomite, sandy,
with leached porosity; massive, 
in two beds; 4 inch shale break 
at base.
MC-17 2.5 ft. Dolomite; very finely crystal­
line ; porous ; very cherty in 
upper portion.
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Rex Member
MC-16
MC-15
Meade Peak Member 
MC-14
MC-13
MC-12 
MC-11
10.0 ft. Mostly covered; 2-3 beds of
white chert about 1 foot 
thick; the remainder may be 
shaley and cherty.
2.0 ft. Grainstone; fossiliferous
dolomite; calcareous sponge 
spicules (?) ; reddish in color
1.5 ft. Covered in part; greenish to
tan shale and phosphatic sand­
stone with brachiopods.
1.5 ft. Dolomite, laminated, reddish,
sandy, porous; a few brachiopods
0.5 ft. Covered; shaley, phosphatic.
9.0 ft. Phosphate rock; sandy; abundant
brachiopods, fish fragments and 
crinoids.
MC-10 1.5 ft
Grandeur Member
MC-9 6.0 ft
MC - 8
MC-7
MC-6
Phosphate rock, as MC-11.
Crystalline dolomite ; red, 
sandy; top portion is phosphatic
0.3 ft. Shale, tan to green.
5.5 ft. Dolomite ; pink, sandy, porous,
crystalline to laminated; 
burrowed in part; a few brachio­
pods .
16.0 ft. Chert; white to gray; sponge
spicules; occasional thin dolo­
mite or limestone layers and 
a few thin shale partings.
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^C-5 6.5 ft. Grainstone: porous, fossili­
ferous, sandy, crystalline dolo­
mite; brachiopods and phylloid 
algae (?) leached; cherty 
nodular band near middle.
MC-4 7.0 ft. Platy shaley dolomite at base
(1.0-1.5 ft.) overlain by 
siltstone grading upwards to 
sandstone with large somewhat 
vertical chert concretions ; 
upper sandstone is thinly 
banded and grades into overlying 
carbonate.
MC-3 4.5 ft. Shale at base (4-6 inches) grading
upwards to grainstone: intra­
clastic to laminated dolomite, 
which grades up to quartz arenite 
at top.
MC-2 3.0 ft. Chert; white, rubbly, with
cherty dolomite at top ; about 
1 0  inches of siltstone near the 
middle.
MC-1 1.5 ft. Quartz arenite; tan to brown,
burrowed; rests on massive 
Tensleep Sandstone with undulating 
contact.
Bull Lake, Sec. 8 , T. 2 N . , R. 4 W . , Wind River Meridian.
This section was originally described in Sheldon (1963). 
It was remeasured and sampled by J. A. Peterson and the 
writer in August, 1968. Only pétrographie descriptions 
of selected carbonates are presented below along with 
other characteristics noted in the hand specimens. 
Numbers correspond to those of Sheldon (1963), but are 
not all-inclusive. Because of the selective nature of 
these samples, the thicknesses have been omitted but 
are listed in Sheldon.
Unit Description
Ervay Member
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BL-E118
BL-E117
BL-E116
BL-E115
BL-E114
BL-E112
BL-EllO
BL-E109
BL-E108
Upper Tosi
BL-T0 IO6
Retort Member 
BL-Rtl04
Wackestone: sandy crystalline dolomite with 
leached porosity.
Abundant gastropods, Plagioglypta, and 
other fossil debris.
Grainstone: intraclastic, pelletai bio­
sparite; porous, oil-stained; echinoids, 
ramose bryozoans, brachiopods, gastropods, 
ostracodes.
Grainstone: biosparite, porous ; echinoids, 
fenestrate and ramose bryozoans, brachio­
pods, fish teeth, and phylloid algae 
fragments.
Grainstone: biosparite; phosphatic; 
echinoids, fenestrate and ramose bryozoans, 
productid brachiopods, gastropods and 
phylloid algae fragments.
Grainstone: biosparite; porous, phosphatic; 
productid and orbiculoid brachiopods, 
echinoids, ramose bryozoans and fish teeth.
Grainstone: pelletai biosparite; porous, 
phosphatic; echinoids, ramose bryozoans 
and productid brachiopods.
Argillaceous beds containing circular and 
pentagonal crinoid ossicles, fenestrate 
and ramose bryozoans, and brachiopods.
Wackestone: biomicrite; recrystallized, 
phosphatic; echinoids, ramose bryozoans 
and productid brachiopods.
Mudstone: green; circular and pentagonal 
crinoid ossicles, ramose bryozoans, brachio­
pods, small gastropods, echinoids, pelecypods 
and fish bones and teeth.
Phosphate rock, sandy, pelletai, intra­
clastic; ramose bryozoans, brachiopods; 
thin green shale at the base.
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Lower Ervay 
BL-E102
BL-ElOl 
Retort Member 
BL-Rt82 
Upper Franson 
BL-F80
BL-F79
BL-F78
BL-F76
BL-F73
BL-F72
BL-F71
BL-F70
BL-F69
Grainstone: biosparite; phosphatic; 
echinoids, ramose bryozoans and brachio­
pods .
Grainstone: biosparite; as BL-E102.
Abundant productid brachiopods.
Grainstone: productid biosparite; sandy; 
orbiculoid brachiopods, echinoids and 
bryozoans.
Grainstone: biosparite; phosphatic; 
echinoids, ramose bryozoans and productid 
brachiopods; some burrowing.
Wackestone/grainstone: biosparite; porous, 
oil-stained, phosphatic; echinoids, 
ramose bryozoans and brachiopods.
Grainstone: biosparite; sandy, phosphatic, 
burrowed; echinoids, ramose bryozoans 
and productid brachiopods.
Grainstone: biosparite; phosphatic; 
echinoids, ramose bryozoans, brachiopods 
and sponge spicule "pods".
Grainstone: biosparite; porous, oil- 
stained, phosphatic; echinoids, fenestrate 
and ramose bryozoans, brachiopods and 
circular and pentagonal crinoid ossicles.
Grainstone: biosparite; as BL-F72.
Grainstone: dolomitic intrasparite; clasts 
within clasts.
Grainstone: dolomitic intrasparite (upper), 
porous oosparite (middle), and crystalline 
dolomite (lower).
88
BL-F6 7
BL-F38
Grandeur Member 
BL-G19
BL-G18
BL-G17
BL-G14
BL-Gl
Crystalline dolomite; sandy to partly 
silicified.
Crystalline dolomite; leached porosity, 
oil-stained.
Grainstone; fossiliferous dolomite; 
fragmented crinoids, bryozoans and brachi­
opods .
Crystalline dolomite; porous, heavily 
oil-stained, phosphatic, partly silicified; 
trace of echinoids and brachiopods.
Dolomite; laminated, sandy, porous, oil- 
stained.
Grainstone: intraclastic sandy dolomite ; 
pelletai, laminated, porous, oil-stained.
Quartz arenite, fine-grained; undulatory 
contact with underlying Tensleep Sandstone.
Pevah Creek, Sec. 21, T. 1 N., R. 3 W . , Wind River Meridian. 
This partial section was measured, described and 
sampled in August, 1968, by J. A. Peterson and the 
writer.
Unit 
Ervay Member 
PC-10
PC-9
PC-8
Thickness
5.0 ft.
4.0 ft.
Description
Thin shale break; tan to green; 
overlain by silty limestone of 
Dinwoody Formation.
Grainstone: cross-bedded, lamin­
ated pelsparite; shaly at the 
base ; slightly undulating top.
Grainstone: pelsparite, as PC-9; 
heavy oil-staining, mottled 
appearance.
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PC-7 5 .0 ft
PC-6
PC-5
PC-4
PC-3
PC-2
7.0 ft
5.0 ft
8.0 ft
5.5 ft
4.0 ft
Grainstone: biosparite, 
phosphatic; echinoids, ramose 
bryozoans and brachiopods; 
cherty at the base.
Packstone: biomicrite, phos­
phatic, porous; echinoids, 
brachiopods and bryozoans; 
cherty at the base; the 
middle section is a grain­
stone; fossiliferous pelsparite.
Grainstone: biosparite, shaly 
at the base.
Grainstone: biosparite; brachio­
pods and fenestrate bryozoans; 
chert nodules in lower portion.
Wackestone: biomicrite, partially 
recrystallized; phosphatic; 
echinoids and ramose bryozoans;
2 foot shaly, very cherty unit 
in loer part.
Grainstone: biospartie, phos­
phatic; echinoids, brachiopods, 
ramose bryozoans and abundant 
fenestrate bryozoans.
Tosi Member
PC-1
Retort Member
5.0 ft
Franson Member
PC-32 5.0 ft
Chert with interbedded green 
shale ; covered below.
The phosphatic beds are mostly 
covered except for partial 
exposure at the base; many 
phosphatic pellets and brachio­
pods .
About one-half mile up the creek 
is a 50-foot exposure of dolo­
mite (Upper Franson ?).
Dolomite, changing to limestone 
near the top; abundant phylloid 
algae.
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PC-31 3.5 ft. Limestone with very large
productid brachiopods.
PC-30 - Dolomite containing abundant
ramose bryozoans, spirifer and 
productid brachiopods, few 
ecinoids and phylloid algae 
fragments. Below is 20-30 
feet of dolomite and covered 
below that.
South Fork Little Wind River, Sec. 18, T. I S . ,  R. 2 W. ,
Wind River Meridian. This section was originally 
measured by Condit (1924), and was remeasured, described 
and sampled in August, 196 8, on the north side of the 
Washakie Reservoir by J. A. Peterson and the writer.
Unit Thickness
Dinwoody Formation
15.0 ft.
20.0 ft.
Description
Limestone, sandy, hard, red- 
brown, in 6-inch to 2-foot 
beds.
Covered slope with green, tan 
and some reddish weathering 
Dinwoody Shale.
Ervay Member 
SFLW-14B
SFLW-14A 12.0 ft.
SFLW-13E
5.5 ft. Grainstone: oolitic, intra­
clastic pelsparite; burrowed; 
lower portion is biosparite 
with phylloid algae fragments.
Grainstone: pelletai, phylloid 
algae biosparite; ramose 
bryozoans and fish teeth.
5.0 ft. Grainstone: biosparite with
fenestrate and ramose bryozoans 
(abundant in upper half); 
echinoids and brachiopods; shaly 
at base ; covered in part.
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SFLW-13D 7.0 ft
SFLW-13C
SFLW-13B
SFLW-13A
4 .5 ft
3.0 ft
9.0 ft
Grainstone: biosparite, with 
phylloid algae (upper portion), 
pellets, echinoids, gastropods, 
ostracodes and fenestrate and 
ramose bryozoans (lower portions).
Grainstone: fenestrate bryozoan 
biosparite, with echinoids, 
phylloid algae and brachiopods.
Grainstone: biosparite, green; 
silicified fossils in calcite 
matrix; echinoids, fenestrate 
and reamose bryozoans and 
brachiopods.
Grainstone: biosparite; echinoids, 
fenestrate and ramose bryozoans 
and brachiopods; partly phos­
phatized; very cherty in upper 
half.
Tosi Member
SFLW-12
SFLW-10
15.0 ft. Chert, greenish-gray, with inter­
bedded carbonate and green shale.
Retort Member
SFLW-11 54.0 ft. Shale, dark-gray to brown, red- 
brown in center and brown-gray 
in upper portion ; platey.
3.5 ft. Phosphate rock, pelletai, sandy 
in lower part ; ramose bryozoans, 
brachiopods, pelecypods, echinoids, 
crinoids and fish teeth.
Franson and Glendo Members
SFLW-9 12.0 ft. Grainstone: sandy biosparite 
with echinoids, bryozoans and 
brachiopods; lower portion is 
laminated and burrowed.
SFLW-8K 8.0 ft. Grainstone: bryozoan biosparite;
partly phosphatized; echinoids, 
fenestrate and ramose bryozoans, 
brachiopods, phylloid algae 
and gastropods.
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SFLW-8J
SFLW-8H
SFLW-8G
SFLW-8F 
SFLW-8E
SFLW-8D
SFLW-8C
SFLW-7D
SFLW-7C 
SFLW-7B
SFLW-7A 
SFLW-6E
2.0 ft. Grainstone: biosparite;
echinoids, productid brachio­
pods and large ramose bryozoans; 
partly phosphatized.
4.0 ft. Grainstone: biosparite; echinoids,
brachiopods and fenestrate and 
ramose bryozoans; fenestrate 
bryozoans abundant in middle of 
section.
3.0 ft. Grainstone: biosparite; partly
phosphatized and silicified; 
echinoids, fenestrate and 
ramose bryozoans and brachiopods.
10.0 ft. Shale, green.
9.0 ft. Mudstone: silty dolomite, some­
what laminated; thin chert 
beds and nodules in lower half.
10.0 ft. Mudstone: partly silicified
dolomite.
34.0 ft. Covered, with much green shale
on slope.
4.0 ft. Mudstone : somewhat laminated
dolomite ; porous portion could 
be due to leached fossil 
material.
2.5 ft. Shale, green, with some dolomite.
12.0 ft. Shale, green and gray, with inter­
bedded thin chert bands ; some 
dolomite beds ; many large chert 
concretions, pink to purple.
10.0 ft. Partly covered; some green shale
in lower part.
4.0 ft. Mudstone/wackestone: laminated
dolomite/leached porous fossili­
ferous dolomite.
SFLW-6D
SFLW-6B
SFLW-6A
Meade Peak Member
SFLW-5
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3-0 ft. Grainstone: leached, porous,
phylloid algae bio-dolomite; 
gastropod in upper portion; 
lower portion is sandy; 
scattered round chert nodules.
2.0 ft. Shale, green to gray-green;
abundant tar-filled chert 
nodules in lower half.
6.0 ft. Grainstone (?) : leached porous,
brachiopod (?) biodolomite.
7.0 ft. Mostly covered; some dark-gray 
to black platey shale and 
pelletai phosphate rock grading 
up to dark chert with some gray 
to green shale.
Grandeur Member
SFLW-4
SFLW-3E 
SFLW-3D 
SFLW-3C
SFLW-3B 
SFLW-3A
SFLW-2A
9.0 ft. Upper-grainstone: porous, algal
bio-dolomite ; echinoids and 
ramose bryozoans; partly silici 
fied and phosphatized. Lower- 
wackestone : bio-dolomite ; 
echinoids and brachiopods; 
porous and oil-stained.
33.0 ft. Covered; appears shaly.
5.5 ft. Chert and cherty dolomite.
3.5 ft. Quartz arenite; phosphatic;
contorted upper part; grades 
into sandy dolomite in upper 
half.
0.5 ft. Shale, red and green.
1.5 ft. Quartz arenite; dolomitic and
slightly phosphatic.
1.0 ft. Shale and siltstone, red and
green.
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SFLW-2
SFLW-1
SFLW-B
SFLW—A
7.0 ft. Chert and cherty dolomite;
phosphatic in upper 0.5 foot.
4.0 ft. Crystalline dolomite, sandy,
laminated.
5.5 ft. Quartz arenite, heavily
burrowed and contorted.
3.0 ft. Quartz arenite, brown to red;
burrowed; rests on massive 
Tensleep Sandstone.
Crooked Creek, Sec. 29, T. I S . ,  R. 2 W . , Wind River Meridian 
This section was measured, described and sampled in 
September, 1969, by George Cole and the writer.
Unit Thickness
Dinwoody Formation
CRC-7 
Ervay Member 
CRC-8
CRC-9
CRC-10
CRC-11
CRC-12
9.0 ft.
2.0 ft.
3.0 ft.
12.0 ft.
4.0 ft.
15.0 ft.
4.5 ft.
Description
Dinwoody carbonate. 
Covered.
Grainstone: sandy, intra­
clastic dolomite ; porous; 
phylloid algae near the middle.
Covered; limestone float.
Grainstone: porous, leached, 
fossiliferous (?) dolomite ; 
calcite geodes.
Covered; limestone float.
Crystalline dolomite; traces 
of echinoids, ramose bryo­
zoans and brachiopods; calcite 
geodes.
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0-5 ft. Grainstone: biosparite;
echinoids, fenestrate and 
ramose bryozoans and brachio- 
pods; partly silicifled and 
phosphatized; calcite geodes.
CRC-14 4.0 ft. Grainstone: biosparite with
ecinoids, fenestrate and ramose 
bryozoans, brachiopods and 
phylloid algae; porous.
CRC-15 1.5 ft. Grainstone: biosparite; echinoids,
fenestrate and ramose bryozoans, 
productid brachiopods and a trace 
of phylloid algae; cherty in 
places with chert being silici- 
fied biosparite.
Tosi Member
CRC-16 1.5 ft. Chert; nodular.
CRC^17 3.0 ft. Grainstone: biosparite; echinoids,
abundant fenestrate and ramose 
bryozoans and brachiopods.
CRC-18 8.0 ft. Chert and shale, interbedded,
fissile, calcareous ; covered 
below.
South Fork Crooked Creek, Sec. 22, T. I S . ,  R. 2 W . , Wind 
River Meridian. This section was measured, described 
and sampled in September, 1969, by George Cole and 
the writer.
Unit Thickness Description
Dinwoody Formation
SFC-9 - Covered ; top of dip slope,
carbonate on the slope.
Ervay Member
SFC-8 4.0 ft. Grainstone: phylloid algae
bio-intrasparite; porous.
SFC-7 8.5 ft. Grainstone: intrasparite;
porous ; cherty.
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SFC-6 5.0 ft, Grainstone: very porous,
intraclastic (?) dolomite; 
also, possibly leached phyl­
loid algae.
SFC-5 10.0 ft. Grainstone: porous phylloid
algae biosparite; echinoids 
and brachiopods; calcite 
geodes; some interbedded shale.
SFC-4 11.0 ft. Grainstone: biosparite;
echinoids, fenestrate and ramose 
bryozoans and brachiopods; 
abundant chert nodules; partly 
silicified and phosphatized.
SFC-3 1.5 ft. Grainstone: biosparite;
echinoids, fenestrate and ramose 
bryozoans and brachiopods; 
abundant chert nodules of 
silicified biosparite.
SFC-2 3.0 ft. Grainstone: biosparite;
echinoids and fenestrate and 
ramose bryozoans; lower portion 
contains sponge spicules; 
abundant chert nodules.
Tosi Member
SFC-1 12.0 ft. Chert, nodular with inter­
bedded shale ; covered below.
Trout Creek, Sec. 34, T. I S . ,  R. 2 W . , Wind River Meridian 
This section was measured, described and sampled in 
September, 1969, by George Cole and the writer.
Unit Thickness Description
Dinwoody Formation Covers dip slope.
Ervay Member
TR-1 3.0 ft. Grainstone: intraclastic dolo­
mite ; leached porosity ; lower 
portion is a phylloid algae 
bio-dolomite.
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6.0 ft. Grainstone; phylloid algae
bio-dolomite; leached poro­
sity; few pellets.
1*5 ft. Grainstone: bio-, oo-, pelletai
dolomite ; phylloid algae; porous.
6.0 ft. Grainstone : bio-, pelletai dolo­
mite; phylloid algae and echi­
noids; lower portion grading 
to finely crystalline dolomite ; 
upper portion has abundant 
calcite geodes.
TR-5 8.0 ft. Grainstone: sandy intraclastic
dolomite ; fish teeth; partly 
silicified; some small chert 
nodules.
TR-6 9.0 ft. Grainstone: intraclastic dolo­
mite (upper) to biosparite 
(lower); echinoids, ramose 
bryozoans and brachiopods; some 
interbedded shale.
TR-7 1.5 ft. Crystalline dolomite ; trace of
ramose bryozoans; partly phos­
phatized.
TR-8 7.0 ft. Grainstone: biosparite; echinoids,
productid brachiopods, fenestrate 
and ramose bryozoans and encrust­
ing red algae (?). Covered below, 
but Tosi is in place below in 
Sec. 26, TIS, R2W.
South Fork Trout Creek, Sec. 2, T. 2 S., R. 2 W . , Wind River 
Meridian. This section was originally described by 
Condit (1924). In August, 1968, J. A. Peterson and 
the writer sampled a poor exposure of this section in 
the second gully to the northwest of the South Fork 
Trout Creek. See Condit's original description.
Baldwin Creek, Sec. 18, T. 33 N . , R. 100 W . , Wyoming.
This section was originally described by R. H. King 
(1947). It was remeasured and sampled in August,
196 8, by J. A. Peterson and the writer. See King's 
original description.
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Little Popo Agie River, Sec. 8, T. 31 N . , R. 99 W , , Wyoming. 
This section was originally described by R. H. King 
(1947). It was remeasured and sampled in August, 1968, 
by J. A. Peterson and the writer. For a complete des­
cription see King (1947). Selected pétrographie 
descriptions and additional information are noted 
below; thicknesses are omitted here but are included 
in King. The description numbers refer to those of 
King.
Unit 
Ervay Member 
LPA-10 7
LPA-10 6
LPA-105
LPA-102i 
LPA-10 3J
Retort Member
LPA-76-80
Franson Member 
LPA-68-72
LPA-65-67
LPA-36
Description
Grainstone: phylloid algae pelletai dolomite; 
porous and partly silicified; overlain by 
siltite and shale of Dinwoody Formation.
Grainstone: intraclastic dolomite; somewhat 
algal (phylloid) in lower part; porous; 
trace of brachiopods.
Grainstone: phylloid algae pelletai dolomite 
(upper) to intraclastic dolomite (lower); 
porous.
Grainstone; intraclastic dolomite to crystal­
line dolomite; porous.
Includes crystalline dolomite and inter­
bedded pelletai phosphate rock; brachiopods.
Wackestone (?) : bio-dolomite; circular and 
pentagonal crinoid ossicles and ramose 
bryozoans; porous, oil-stained, partly 
phosphatized.
Grainstone: biopelsparite to crystalline 
dolomite ; phylloid algae and possibly 
sponge spicules.
Grainstone: intrasparite; somewhat laminated; 
fish tooth in upper part; brachiopods in 
lower part.
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LPA-35 Grainstone: phylloid algae biosparite; 
lower portion is crystalline dolomite.
LPA-34 Crystalline dolomite, porous, oil-stained.
Meade Peak Member
LPA-2 0
Grandeur Member
LPA-19
Phosphate rock, sandy pelletai, intra­
clastic and calcareous.
Crystalline dolomite, porous, few echinoids 
and brachiopods.
Twin Creek, Sec. 12, T. 30 N . , R. 99 W . , Wyoming.
This section was originally described by D. D. Condit 
(1924). It was remeasured, described and sampled by 
J. A. Peterson and the writer during August, 196 8.
Unit 
Ervay Member 
TWC-1
Thickness
5.0 ft.
Rex Chert Member 
TWC-2 
TWC-3
5.0 ft. 
5.5 ft.
Retort Member
TWC-4 30.0 ft.+
Description
Carbonate with abundant pelecy- 
pods, Plagioglypta, large 
gastropods, phylloid algae and 
other fossil fragments, all 
silicified; eroded upper surface
Chert ; dark.
Dolomite, dark massive, in three 
beds, fossiliferous in upper 
part with recrystallized brachio­
pods and fish teeth.
Covered; phosphate pit in lower 
part ; abundant orbiculoid brachio­
pods, Plagioglypta, pelecypods 
and gastropods from the pit.
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Franson Member 
TWC-5 
TWC-6
5,0 ft. Limestone; phylloid algae; porous
15.0 ft. Limestone; partly covered;
abundant fossils, including 
Plagioglypta; covered below.
Beaver Creek, Sec. 10, T. 30 N . , R. 97 W . , Wyoming.
This section was measured, described and sampled by 
J. A. Peterson and the writer during August, 196 8.
Unit Thickness
Dinwoody Formation 
BVC-26
Ervay Member 
BVC-25
BVC-2 4
14.0 ft.
8.0 ft.
BVC-2 3
Rex Chert Member 
BVC-22 
Retort Member
5.0 ft.
16.0 ft.
23.0 ft.
5.0 ft.
Description
Basal cherty rubble of Dinwoody, 
overlain by green shale and 
siltstone.
Chert; replacement of a grain­
stone: biosparite; pellets, 
echinoids and ramose bryozoans.
Weathered interval; rusty red, 
green and tan ; abundant chert; 
phosphatic; cherty fragments and 
geodes with bitumen.
Crystalline dolomite ; porous ; 
bryozoans; abundant chert geodes 
with bitumen.
Shale, green; interbedded chert.
Shale, dark brown to gray with 
abundant chert in upper part.
Covered, with two 0.5-foot ledges 
of phosphate rock, pelletai, 
intraclastic; echinoids, bryo­
zoans and brachiopods.
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BVC-21 8.0 ft
Forelie Tongue
BVC-20 10.0 ft
BVC-19
BVC-18
BVC-17
9.0 ft.
8.0 ft.
4.0 ft.
Glendo Shale
BVC-16 9 0.0 ft.
Minnekahta Tongue
BVC-15 5.5 ft
BVC-14
BVC-13
5.0 ft
3.0 ft
Partly covered; ledges of 
phosphate rock, calcareous, 
pelletai, intraclastic, 
ramose bryozoans.
Grainstone; phosphatic biointra- 
sparite; echinoids, spirifer 
brachiopods, bryozoans and gas­
tropods; partly silicified.
Grainstone; biosparite; sandy ; 
echinoids and bryozoans in upper 
part; cherty mudstone in lower 
part.
Grainstone: biosparite with cir­
cular and pentagonal crinoid 
ossicles, bryozoans and phylloid 
algae (?) ; partly silicified.
Packstone: biomicrite; echinoids, 
ramose bryozoans, rhynchonellid 
brachiopods, pelecypods and ost- 
racodes.
Mostly green shale exposed; silty 
with occasional ledges of silt- 
stone or silty carbonate; some 
selenite crystals in the shale.
Beds below were measured on the 
west side of the creek.
Crystalline dolomite; mottled; 
cherty.
Covered; some green shale and 
siltite, reddish in part.
Covered; few ledges of grain­
stone; phylloid algae biosparite; 
leached porosity ; oil-stained.
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BVC-12
BVC-11
BVC-10
17.0 ft
12.0 ft
11.0 ft
Meade Peak Member
BVC-9 13.0 ft.
Grandeur Member
BVC-8 15.0 ft.
BVC-7 8.0 ft.
BVC-6 3.0 ft.
BVC-5 2.5 ft.
BVC-4 11.0 ft.
Covered; red shale in lower 5 
feet.
Crystalline dolomite; sandy, 
somewhat mottled.
Crystalline dolomite to grain­
stone: biosparite with recrystal­
lized pelecypods; porous in 
upper half ; scattered chert 
nodules and slightly phosphatic 
in lower third.
Covered; few ledges of grainstone; 
sandy bio-dolomite, intraclastic 
in part ; porous and oil-stained.
Crystalline dolomite ; sandy, 
porous, oil-stained.
Chert ; banded.
Dolomite with much green shale 
in lower half.
Chert.
Mostly covered; some chert and 
thin dolomite ledges; underlain 
by oil-stained Tensleep Sandstone.
Conant Creek, Sec. 31, T. 33 N . , R. 93 W . , Wyoming.
This section was originally described by R. P. Sheldon 
(196 3). It was later remeasured, described and sampled 
by J, A. Peterson and the writer in August, 1968.
Unit 
Ervay Member 
CC-18
Thickness
26.0 ft.
Description
Dolomite, massive, porous at the 
top ; overlain by Dinwoody with 
sharp contact with soft tan 
shale of Dinwoody Formation.
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CC-17
CC-16
CC-15
Tosi Member 
CC-14
Retort Member 
CC-13
CC-12 
Forelie Tongue 
CC-11 
CC-10
CC-9
CC-8
Glendo Shale
CC-7
CC-6
CC-5
15.0 ft. 
6.0 ft.
15.0 ft.
11.0 ft
20.0 ft.
6.0 ft.
1.0 ft.
15.0 ft.
12.0 ft.
11.0 ft.
60.0 ft
40.0 ft
45.0 ft
Dolomit e , massive.
Siltite and silty limestone with 
ramose bryozoans and brachiopods
Dolomite; some chert nodules; 
fossiliferous in part with small 
spirifer brachiopods and bryo­
zoans; some lamination.
Chert; siltite at the base ; 
with bitumen.
Shale, silty; phosphatic quartz 
arenite at the top.
Phosphate rock and silty shale.
Limestone, very silty, phosphatic
Carbonate, laminated, silty, 
massive in part.
Siltstone and silty limestone; 
gray to tan, laminated, with 
red silt interbeds.
Limestone, silty, with reddish 
cast; thinly bedded; two or 
three 0.3-foot chert layers near 
the base.
Mostly green shale and gray to 
green shaly limestone.
Dolomite, dense to very shaly 
and silty ; thin- to medium- 
bedded .
Shale, green and red; some 
dolomite and chert.
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Minnekahta Tongue 
CC-4 15.0 ft. Shale, green; with dolomite at 
the base and top; thin-bedded, 
cherty, laminated.
Grandeur Member and Opeche Shale
CC-3 30.0 ft.+ Covered and disturbed by 
structure ; dolomite interval 
at top, thin-bedded, fossili­
ferous to laminated.
CC-2
CC-1
40.0 ft.
35.0 ft.
Tensleep Sandstone
Shale, green, silty ; much 
reddish or brown silt or shale 
in upper part; sypsiferous.
Mostly covered; much dolomite 
in thin beds in rubble; some 
green shale and silty dolomite 
in upper third ; odd rusty color
Top of Tensleep forms a 
prominent very dark, resistant 
dip slope of cherty quartz 
arenite, guartzite and chert. 
Top is red-brown and is 
overlain by 1-2 feet of rusty 
red sandy shale.
